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The Yield and Composition of the Milk 
of Dairy Cows and Goats as 
Influenced by Thyroxine* 
N. P. RALSTON, W. C. CowSERT, A. C. RAGSDAJ~E, H. A. HERIIIAN 
AND C. W. TURNER 
Research at the Missouri Station during the past few years has 
demonstrated that the growth of the mammary glands, the initiation 
and maintenance of milk secretion are controlled by hormones 
secreted by the pituitary gland. This gland has also been shown 
to have other important functions in coordinating the secretory 
activity of other endocrine or ductless glands in various parts of 
the body. A good example of such a pituitary hormone is thyro-
tropin which has been shown to stimulate the activity of the thyroid 
gland and the rate of secretion of thyroxine. In turn, the secretion 
of thyroxine has been shown to influence the rate of milk secretion. 
In a previous study at this Station, Herman, Graham and Turner 
(1937) reported upon the feeding of desiccated thyroid gland tissue 
for a period of eight weeks to a group of cattle and also upon the 
injection of thyroxine. In both experiments definite evidence of an 
increase in the rate of milk production was obtained. 
The objects of the experiments presented in this bulletin were to 
determine the responsiveness of dairy cattle and goats to this 
hormone at various stages of lactation and the physiolog·ical mech-
anisms involved. 
Because of the increasing importance of the thyroid gland and its 
hormone secretion indicated by this and previous studies, it seems 
desirable to describe briefly the anatomy of the thyroid, the secretion 
of thyroxine, and the general physiological effect of this important 
hormone. 
REVIEW OF LITERATURE 
The Anatomy of the Thyroid Gland 
The thyroid gland is composed of two lateral lobes connected by 
an isthmus. It is located in close association with the anterior 
and lateral parts of the larynx and trachea. It is a very vascular 
ductless gland, firm in texture and pale red in color. The two lateral 
lobes are irregular in outline and extend along either side of the 
*The data presented in this bulletin was taken from the theses of N. P. Ralston and W. C. Cowsert presented in partial fulfillment of the requirements for the degree, Master of Arts, in the. Graduat_e School of the pniversity of Missouri. Mr. Ralston is chiefly responsible for the rev1ew of. hterature concermng the anatomy of the thyroid gland and the physiological effect of t~yroxn~e. That portion of the experimental observations presented by Mr. Cowsert were obtamed w1th animals in the herd of the Mississippi Agricultural Experiment Station. 
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larnyx as conical or pyramidal projections. Accessory thyroid 
tissue occurs frequently making total thyroidectomy difficult to per-
form. 
The gland is enveloped by a thin fibro-elastic capsule, from which 
trabeculae pass into the substance of the organ. The gland tissue is 
compact and consists of lobules which are embedd.ed in a stroma of 
strands of :fibrous tissue. The stroma contains numerous vessels. The 
lobules consist of non-communicating alveoli of varying size and 
form. The alveoli are lined by cuboidal or columnar epithelium. 
In the lumina a viscid colloid substance is found. 
The Weight of the Thyroid Gland of Domestic Animals.-The 
weight, size, and activity of the thyroid gland has been shown to be 
affected by a great many factors. The following data were tabulated 
by Krizenecky (1932, p. 450) from the work of Trautman (Drusen 
mit innerer Sekretion-J oasts Spegille pathologische ana tome der 
Haustier 1917a). 
TABLE 1 
Thyroid Thyroid Thyroid Thyroid 
length width thickness weight (em.) (em.) (em.) (grams) 
Dairy cattle ... 6.5 7.5 4.00 . 5.0 0.85 1.50 23 • 41 
Beef cattle 6.0 • 7.0 4.00 • 5.0 0.75 1.50 21 • 36 
Horses ...... :::: 3.5 . 4.0 2.3 1.50 20 • 35 
Swine 4.0 . 4.5 2.00 . 2.5 0.50 • 0.75 12 . 30 
Sheep .... . .... 3.0 . 4. 0 1.25 • 1.5 0.50 • 0.75 4 • 7 
Goats ....... . . 2.5 . 5.0 1.00 • 1.5 0.50 . 0.80 8 • 11 
Krupski (1921) reported on the size of the thyroid of dairy and 
beef cattle of various ages and conditions from which Krizenecky 
(1932) tabulated the data shown in Table 2. 
TABLE 2.-THYROID WEIGHT IN CATTLE (KRUPSKI, 1921) 
-----
Average Weight of Thyroids (grams) 
N umber Relative Weight 
Type of of Age A bsolute To To weight of animal 
animal animals (years) weight live weight a fter slaughter 
Beef cattle (,j,~~g~~~ii 40 1 . 5 21.49 0.1441 Beef cows 21 1 . 4 21.76 0.0621 0.1388 
Steers 67 1 - 5 42.08 0.0692 0.1406 Milk co',_;~ ........ ··· 171 2 ·13 32.59 0.0635 0.1 508 
Milk cows (p~~g~~~ti 69 3 ·11 31.80 0.0643 0.1526 
Factors Affecting the Size of the Thyroid. Breed.-The various 
breeds of dairy cattle show a difference in thyroid size. Holsteins 
are reported to have the heaviest glands averaging 38.1 grams as 
compared to an average of 33.4 grams for Ayrf;pires, 31.0 grams 
for Guernseys_, and 27.9 grams for J~rseys (Tab~~< ?;) ~,: . 
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TABLE 3.-AVERAGE THYROID WEIGHTS OF DAIRY COWS COMPARED WITH BODY 
WEIGHTS (SWETT, MATTHEWS, MILLER AND GRAVES, 1937) 
Live Empty T hyroid 
No. weight body weight weight 
Animals (lbs.) (lbs.) (grams) 
...._.,....,. 
Ayrshires .. .... .... ... 44 1083 931.98 33.4 
Guernseys 
·· ··········· 
62 991 859.62 31.6 
Holsteins 
··· ········ ·· 
198 1265 1089.59 38.1 
Jerseys ............... 218 910 788.56 27.9 
According to Krizenecky dairy cattle have larger thyroid glands 
than beef cattle, averaging 32.5 grams as compared to 24.4 grams 
for beef cattle. We might expect the thyroid to be more active 
in dairy cattle as they are more nervous and usually more active. 
Reece and Turner (1937) have shown that the thyrotropin content 
of the pituitary of dairy cattle is higher than that of beef cattle, 
which may explain, in part, the larger thyroid gland in dairy cattle; 
The Thyroid Gland Secretion 
The Formation and Release of Thyroid Secretion.-Severinghaus 
(1933) made an extensive review of the literature which, together 
with his own cytological work on the thyroid, gives a comprehensive 
theory as to the mode of secretion of the gland. He stated that 
the chief cells secrete a S:Qbstance which is frequently seen in the 
form of intra-cellular dropl~ts, which is normally discharged into 
the follicular lumen for storage. 'rhe secretion may take place in 
either direction, into th.e lumen or through the base of the cell into 
the bloodstream, depending upon the specific conditions. A normal 
balance is maintained between thyroid activity and the organism's 
neep~, but this normal balance implies a stored reserve. He eon-
c~~d~d that cytological evidence indicates the functioning of the 
thyroid is highly intermittent. 'rhis applies not only to .follicular 
units but to the individual cells which pass through definite cycles 
ot Mtivity in secretion or absorption as well as through periods of 
cq;mplete rest. 
, . The Isolation of Thyroxine.-The :thyroid gland is one of the very 
few glands from which the active · principle has been isolated and 
~ynthesized. .A voluminous literature on the chemistry of the thyroid 
secretion has appeared within the last 40 years. 
In 1914 Kendall isolated a crystalline substance with physiological 
activity, and Kendall and Osterberg (1919) suggested the structural 
formula of the crystalline substance which was later proven to be 
incorrect. However, Harington (1926) and Harington and Barger 
(1927) determined the correct chemical formula for thyroxine. The 
generally accepted formula is shown on the following page. 
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Relation of Iodine to Thyroid Substance. Forms of iodine in the 
thyroid gland.-Kendall (1929) showed that upon alkaline hydrolysis 
thyroid tissue is divided into an acid-soluble and acid-insoluble 
fraction. The acid-insoluble fraction contains thyroxine and possibly 
other iodine containing compounds. The iodine in the form of 
thyroxine does not make up more than 15 per cent of the total 
thyroid gland. 
Harington and Randall (1929) isolated di-iodotyrosine from the 
thyroid. Foster (1929) confirmed Harington et al., but the amount 
of di-iodotyrosine varied quite markedly. Harington (1933) sug-
gested that this amino acid is probably the precursor of thyroxine 
and may be intimately connected with the formation of thyroxine in 
the normal gland. He also stated that the iodine as thyroxine may 
be assumed to represent 40 per cent of the total iodine and the 
iodine as di-iodotyrosine about 60 per cent. The distribution of 
iodine between thyroxine and di-iodotyrosine varies quite markedly 
with the season of the year. 
Iodine content.-The fact is well established that iodine is a 
normal constituent of the thyroid gland and iodine must be supplied 
an animal for normal activity of the gland which in turn reflects 
its importance on metabolic activity. Marine and Rogoff (1916) 
reported that the iodine content of the thyroid of a dog may be 
increased several hundred per cent within five minutes following 
an injection of 50 mg. of potassium iodine into the femoral vein. 
Eighteen per cent of 38 mg. of potassium iodide administration 
was recovered in the thyroid. The thyroid has a marked affinity 
for iodine as shown by the amount of iodine in the thyroid glands 
of animals on diets which contain very small traces of iodine. Van 
Dyke (1925) showed that free iodine and sodium iodate are only 
slightly absorbed by the thyroid. Potassium iodide is much more 
readily taken up. Thyroxine shows but very little effect on the 
iodine content of the thyroid gland. 
Koch (1913) first reported changes in the iodine content of the 
thyroid gland with the changing seasons. Seidell and Fenger (1913) 
reported a marked seasonal variation in the iodine content of the 
thyroid in hogs, sheep, and beef cattle (Fig. 1). Fenger (1918) later 
... 
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Fig. !.-Seasonal variations in iodine content of hog, sheep and beef thyroid (Seidell and Fenger, 1917) . 
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Fig. 2.-The four curves show the weight of iodine which was present in the various fractions after alkaline hydrolysis of 45 kilos of fresh hog thyroid glands. Experiments were carried out between J anuary 1927 and August 1928 (Kendall and Simonsen). 
confirmed the results obtained by Seidell and Fenger. 
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Kendall and Simonsen (1928) also found a seasonal variation in 
the thyroids of swine. They collected the fresh thyroid during the first of each month of the year and then analyzed the thyroid tissue for different iodine fractions (Fig. 2). 
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'rhe glands contain less iodine in the winter months and more 
in the summer months. This probably indicates that iodine is being 
secreted in the form of thyroxine to a greater extent in the ·winter 
months in order to maintain normal metabolic activity. During 
this time of year we would expect an increased secretion of the 
thyroid gland. In the summer months the metabolic processes are 
possibly at a minimum so we would expect a storage of iodine due to 
a decreased demand for thyroid secretion. 'rhe environmental 
temperature in relation to normal body metabolism is possibly a 
fundamental reason for the variation in the iodine content of the 
thyroid gland. 
Amount of Thyroxine Normally Secreted.-The amount of thy-
roxine secreted can only be estimated. However, this estimation 
may be of value especially in the treatment of thyroid disturbances. 
Thompson et al. (1935) stated that thyroxine is formed in the human 
body at the rate of approximately 0.3 mg. per day with about 10-14 
mg. of thyroxine in the body fluids. These figures agree closely 
with those of Plummer (1921), who reported10-12 mg. of thyroxine 
in the body besides the thyroid gland. Boothby and Baldes (1925, 
1926) calculated that thyroxine was destroyed at a rate of less than 
0.4 mg. per day and that the total amount of thyroxine present in 
the body was 8-15 mg. 
Thompson et al. (1935) reported that iodine needed by man is ap-
proximately 0.2 mg. per day -..vhich on the average is amply supplied 
to most individuals in this country in the form of iodized salt 
(approximately 1.0 mg. per day) which is probably more than 
adequate to prevent goiter. Fishburne and Cunningham (1938) 
found that thyroidectomized rats could be maintained at their 
normal basal level by injecting 0.04 mg. of thyroxine per day . This 
might, therefore, be considered approximately the daily output 
of the gland. 
Physiological Activity of Iodine-containing Compounds.-The 
potency of thyroxine isolated from thyroid tissue has been questioned 
as to whether it performs the normal sequence of events as compared 
to extracts of the thyroid gland itself. Clinical use "of thyroxine 
and desiccated thyroid has been widely employed as a therapy 
in cases of myxedema or hypothyroid individuals and animals. 
Therefore, numerous investigators have been searching for the most 
potent compound and the best method of administering thyroid 
material to secure the maximum activity. 
The literature shows considerable controversy as to the most 
potent compound. However, summarizing, it may be concluded 
l~ESEAHCH BULLB'l'IN 317 9 
that the whole thyroxine molecule is essential for maximum phy-
siological effect. vVhen the iodine is replaced by other halogens its potency is decreased. 'l'he diphenyl ether grouping appears to be 
essential because when the phenyl rings are joined through a carbon 
atom the activity is lost. Side chains attached either to the carboxyl 
or phenolic groups, however, do not markedly change the physio-logical activity. 
There is a significant difference in the physiological activity of iodine-containing compounds due to the method of administration. 
'l'hyroxine, as shown earlier (Kendall, 192D) is very insoluble in most 
sol vents. 'l'herefore, absorption of thyroxine from the intestinal tract is rather difficult. However, thyroxine in the form of its mono-
or eli-sodium salt or with appropriate side chains, or in alkaline 
solution is more soluble and hence more easily absorbed. 'l'hyroxine is also more soluble when administered as a polypeptid or when in 
combination with a protein. 
'l'hyroxine administered orally in alkaline solution is about one-half as potent as desiccated thyroid when based on the total amount 
of iodine present (Harington, 1933) . Since the iodine present in desiccated thyroid is not all in the form of thyroxine, we may assume that the iodine in the dried thyroid tissue is more readily used by 
the animal or, possibly that desiccated thyroid contains other active principles which have not yet been isolated. Desiccated thyroid 
taken orally and thyroxine in alkaline solution given subcutaneously 
are of about the same potency. Both, however, are only about 70 per cent as active as thyroxine in alkaline solution intravenously 
administered. It would appear that 1-thyroxine in alkaline solution given intravenously is the most active form of thyroid which can be administered in the human. Investigators are still trying to find improved methods of therapy for hypothyroid cases. 
Influence of Thyroxine on Metabolism 
Basal lVIetabolism.-'l'he early investigators noted that hypothy-
roid individuals were slow, sluggish people with very little activity. Patients suffering from Gull's disease treated with thyroid extracts 
showed improved activity both mentally and physically. Ord and White (1893 ), who treated hypothyroid patients with a thyroid 
extract, observed the following: (1) increased urine volume; (2) 
negative nitrogen balance; (3) excess nitrogen mostly in the form 
of urea; ( 4) an increase in body temperature; and ( 5) a loss of body weight. All of these characteristics indicate that an individual is undergoing metabolic changes. 
Magnus-Levy (1895) administered thyroid material to a normal 
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individual and found a marked increase in oxygen consumption 
and carbon dioxide output. He also observed the same results when 
thyroid -vvas given to cretins and myxedematous patients. Since 
these first observations much work has been performed in an attempt 
to correlate the level of basal metabolism with the activity of the 
thyroid. 
DuBois (1916) stated that the best measure of hyperthyroidism is 
the increased heat production. Boothby (1921), Boothby and Sandi-
ford (1924), and others have confirmed this observation. At the 
present time the basal metabolic rate is used by medical authorities 
in diagnosing thyroid disturbances. 
Boothby and Baldes (1925) have shown that 1 mg. of thyroxine 
produced on the average an increase in basal metabolism of 2.8 
per cent. If excessive amounts were injected the increase per mg. 
was reduced. They were of the opinion that some of the thyroxine 
was eliminated before it exerted its physiological effect. This 
idea is further substantiated by Kendall (1917) who injected 150 
mg. of thyroxine into a goat and observed a marked increase in 
B. M. R. which returned to normal in two or three days. If the same 
amount was injected at the rate of 10 mg. per day the goat died from 
hyperthyroid condition. 
Boothby and Sandiford (1923) reported that the number of 
calories expended in walking was much greater in hyperthyroid 
individuals than in normal subjects. Hyperthyroid patients required 
an excessive number of calories above the basal in order to attain 
nitrogen balance. For a given amount of work about twice the 
expenditure of calories was used by hyperthyroid patients as by 
normal individuals. 
The ingestion of foods is known to cause a definite rise in the rate 
of metabolism. Foods do not show an increased specific dynamic 
action in hyperthyroidism (Du Bois, 1927) as might be expected. 
The Relation of the Thyroid to Heart Rate and Blood Pressure 
It has long been observed that the pulse rate is roughly propor-
tional to the level of metabolism. Murlin and Greer (1914) concluded 
that pulse rate multiplied by pulse pressure was a better indication 
of metabolism levels than the rate alone. Means and Aub (1919) 
found a close parallelism of pulse rate to basal metabolism in 60 
per cent of their cases and in the remainder a certain amount of 
parallelism. Du Bois (1916) stated that in the case of diagnosing 
Graves' disease ''The rapidity of the heart is perhaps the best guide, 
but the heart is often affected by other conditions and damage to the 
heart may outlast the other symptoms." 
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Plummer (1$J22) observed that in goiter blood volume increased 
as shown by an increase of systolic pr essure and a subsequent in-
crease in pulse pressure. Plummer (1922) and Boothby (1925) 
showed that hypertension is sometimes associated with hyperthy-
roidism. \Verner ( 19il7) stated that if the systolic pressure is not 
high generally in exophthalmic goiter the diastolic pressure is low 
and vice versa, so that the increased blood flow necessitated by the 
increased metabolism may be maintained. 
'l'hyroxine might be expected to cause a stimulation of the 
sympathetic nerves as is shown in the light of the present theories 
of the regulation of heart rate ancl output and superimposed on this 
is the control of respiration. 
The Thyroid Gland and Lactation 
Dragstcdt, Sudan and Phillips (1924) reported that bitches thyro-
parathyroidectomized came into estrus, became pregnant, and 
lactated when tetany was controll ed. Marine, Cipra and Hunt 
(1924) showed that the increased heat production which occurred 
during pregnancy in rabbits was inf1ependent of the integrity of the 
thyroid. After complete thyroidectomy the animals did not lactate 
and he suggested that the thyroid inftnem~ed normal hypertrophy 
and activity of the m.ammary glands. Houssay (1D:35 ) reported 
that thyroidectomized bitches could be indueed to lactate when 
administered lactogenic hormone. Nelson and 'l'obin (19:37 ) thyro-
parathyroidectomized rats on the l :lth and 15th days of pregnancy. 
'l'hey completed the gestation period, bore litters, and raised their 
young comparable with normal rats. '!'hey also reported similar 
results with the guinea pig. li'olley (1 9:18) r eported data contrary to 
that of Nelson and 'J'obin (19:37 ) . H e showed that r emoval of the 
thyroids and parathyroids from lactating rats resulted in a marked 
decrease in lactation . Rats t hyroidectolnized became pregnant. 
Parturition was normal but 1nilk secretion was below normal levels. 
Nelson (19:39) confirmed Nelson and 'l'obin (1937) and demonstrated 
that thyroidectomized rats underwent parturition and lactated 
normally. However, the rats thyroidectomized during lactation did 
show a slight retardation of milk secretion. Undoubtedly thyroid 
removal influences the rate of milk secretion. 
Because of the specialized purpose of milk product ion in dairy 
cows and goats the thyroid has been studied in r elation to milk 
production. Grimmer (1918) and Grimmer and P aul (1930) ob-
served a decline but not a cessation in milk production of thy-
roidectomized goats. Grueter (1931 ) reported that after complete 
bilateral thyroidectomy of two goats just after parturition milk 
production declined to one-half that before the operation. 
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Graham (1934) showed that thyroidectomy in dairy cows caused 
a lowering of milk and fat production. However, control operations 
also showed a lowering of milk and fat production but not as great 
as when thyroidectomized. The administration of thyroid material 
caused a marked increase in milk and fat yield especially in the 
declining portion of the lactation period. Excess quantities of 
thyroid ad~inistered caused a decline in milk production. In 1934 
Graham also reported thyroxine to be the active principle in the 
thyroid tissue causing the marked increase in production of milk 
and fat in cows. Pure synthetic thyroxine, however, caused a less 
regular increase in the declining phase of lactation. 
Jack and Bechdel (1935), Folley and White (1936) and Herman, 
Graham and Turner (1937) has since confirmed and extended these 
observations. 
The Relation Between the Pituitary and the Thyroid 
A great advance in the understanding of the regulation of thyroid 
activity and thyroxine secretion was made by the discovery of a 
hormone in the pituitary which had the ability to stimulate growth 
and cell division in the thyroid gland as well as to increase thyroxine 
secretion and discharge. 
Following hypophysectomy, the thyroid becomes inactive and even 
atrophic (Aschner, 1912, Smith, 1926-30). The atrophy of the thyroid 
may be prevented or restored . to normal, both in structure and 
functional activity by injections of pituitary tissue (Smith, 1926-30; 
Houssay, et al. 1932). Loeb and Bassett (19291 and Aron (] 929) 
quite independently of each other produced hyperplasia of the 
thyroid of immature guinea pigs by means of anterior pituitary 
extracts. This work has since been confirmed by other workers in 
many animals. However, the responsiveness of species varies 
greatly. 
This pituitary factor has been called the thyrotropic hormone or 
thyrotropin. Many methods of bioassay have been suggested. The 
immature guinea pig has been used most frequently in the past but 
recently the day old chick has been observed to serve this purpose 
very well. A review of the literature on this subject as well as a 
comparison of the guinea pig and chick has been presented recently 
by Bergman and Turner (1939). 
Bates et al. (1935) was first to make a study of the variation in 
the thyrotropin content of cattle pituitaries. In an extensive study 
of beef and dairy cattle pituitaries, Reece and Turner (1937) ob-
served that the thyrotropin concentration increased until the animals 
reached four to ten months, after which it decreased. Pituitaries 
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from bulls were observed to be definitely more potent than glands 
from heifers and pituitaries from dry and open dairy cows, more 
potent than pituitaries from dry and open beef cows. Pituitaries 
collected from heifers in the first half of pregnancy contained more 
thyrotropic hormone than glands collected from heifers during the 
second half of pregnancy. The pituitaries from lactating and 
pregnant beef cows contained slightly more of the thyrotropic 
principle than glands from lactating and open beef cows and this 
same relation held true of similar groups of dairy cows. Per unit 
weight of anterior lobe tissue the pituitaries from lactating and 
open dairy cows contained 31 per cent more thyrotropin than glands 
from lactating and open beef cows and glands from lactating and 
pregnant dairy cows 18 per cent more than those from lactating and 
pregnant beef cows. 
It is significant that a high thyrotropic hormone content of the 
pituitary of lactating cattle is correlated with a period of intense 
metabolic activity at this time. It has since been observed that an 
increase of 40 per cent in the thyrotropin content of the rat pituitary 
follows parturition (Turner and Cupps, 1939). 'l'hus, there is in-
creasing evidence of the participation of the hormones of the 
pituitary and the thyroid glands in regulating in part the secretory 
activity of the mammary gland. 
Part I* 
EXPERIMENTAL PROCEDURE AND DATA 
Milk and Fat Production of Dairy Cattle as Influenced by Thyroxine 
Plan of Investigation.-Herman et al. (1938) observed that 10 mg. 
of thyroxine injected in alkaline solution subcutaneously was more 
effective in stimulating increases in milk and fat production than the 
oral administration of 2 ounces of desiccated thyroid in dairy cattle. 
The mono-sodium salt of thyroxine used in the following study 
was secured from Roffman-LaRoche Company, Nutley, New Jersey 
and the British Drug House, London. 'l'hyroxine was dissolved in 
4 per cent sodium hydroxide solution and brought to its isoelectric 
point with 4 per cent hydrochloric acid at a pH of approximately 
7.2-7.5. The solution was made fresh at each injection period and 
contained 1 mg. thyroxine per cubic centimeter. The cows received 
15 mg. of thyroxine per clay for three successive clays. They were 
injected subcutaneously in the neck region. No ill effects were noted. 
*The data presented in Part I formed part of a thesis presented by N. P. Ralston in partial 
fulfillment of the requirements for the Degree of Master of Arts in the Graduate School of the 
University of Missouri, 1939. 
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The cows used in this experiment were high, medium, and low 
producers (Table 4). All cows were not carried throughout their 
entire lactation period because of interfering reasons. 
Samples of milk were obtained both night and morning. A control 
period of the first, second, fifth, and sixth days of the week previous 
was used. The samples were then secured daily for 10-14 days 
following the injection period, by which time milk and fat pro-
duction had usually declined to pre-injection levels. 
The fat percentage was determined by the Babcock method; 
specific gravity determined by the use of the Westphal balance; and 
total solids and solids-not-fat were computed according to the 
method of Sharp and Hart (1936). 
Rectal temperature and pulse rates were secured night and morn-
ing just before milking. The pulse was counted by feeling the 
posterior tibial artery on the medial surface of the tibia at a point 
eight to 10 inches above the hock joint. 
TABLE 4.-DESCRIPTION OF COWS lN.TEJCTED WITH THYROXINE 
Weeks in Average Number of 
Herd Age No. of 1111lk when daily milk monthly 
No. Breed (yrs.) lactations injected (lbs.) injections 
427 Guernsey ]() 7 2 29.5 Ll 
440 Guernsey 4 3 1.1 21.5 7 
665 Holstein 7 4 14 .19.5 5 
677 H olstein 6 4 2 54.5 3 
685 Holstein 6 4 2 29.1 4 
713 Holstein 4 2 22 27 .5 I 
714 Holstein 4 2 22 24.4 5 
723 H cJ lstein 4 2 5 .15.9 .1 
722 Holstein 4 I 32 36.1 3 
838 Jersey 8 6 3 :n .7 6 
853 Jersey 6 4 10 27.1l 9 
854 ] ersey 6 4 14 24.5 1 
856 Jersey 6 4 15 22.1 5 
857 J ersc:,.r 6 4 14 27.1 4 
861 J ersey 6 4 6 27.1 1 
872 Jersey 5 2 10 .12.7 6 
877 J erscy 4 1 10 18.8 2 
877 Jersey 5 2 41 12.5 3 
883 Jersey 3 2 30.3 4 
887 Jersey 3 27 15.3 5 
Presentation of Data. Amount of thyrox·ine in.iected.-One of the 
objectives of the investigations herein reported was to determine the 
influence of thyroxine administration on milk secretion at monthly 
intervals throughout the lactation period of dairy cows. 
Preliminary work was carried on to determine the size of the dose 
which would induce a substantial increase in milk and fat production. 
The injection of 5, 10 and 15 mg. of thyroxine in single doses showed 
no positive results. When 5 and 10 mg. of thyroxine were injected 
daily for three successive days a slight increase in milk and fat yield 
was observed. It was found, however, that 15 mg. thyroxine per day 
for three successive clays showed a marked response. This amount 
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was adopted as standard dosage and has been used for monthly 
injections throughout this experiment (Fig. 3). 
0 KXI ··~ 
Fig. 3.-Effect of thyroxine administration at monthly intervals on milk production 
during the entire lactation period (No. 853) as compared to a normal lactation curve (No. 870). 
In order to obtain a normal level before each injection period, the 
average productivity of the cows for the four days of the week 
previous to injection was used. The response obtained was the 
difference between the normal period and the average production 
of the three highest successive days during the period after in-
jection. This in general was noted to be about the seventh to ninth 
days after starting thyroxine. Cows No. 85:3 and 427 (Figs. 3 and 4) 
show the nature of the responses secured throughout their entire 
lactation periods. 
l" 
r<:ig. 4.-¥ilk p:oduction as affected by monthly injections of thyroxine during the 
entlre lactahon penod (No. 427) as compared to a normal lactation curve (No. 893). 
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Milk p1·oduction.-The results confirm previous work in showing 
that a marked increase in milk production can be obtained by ad-
ministering thyroxine. Four factors were observed to affect the 
response: (1) a change in response as lactation progressed; (2) a 
different response with various seasons of the year; (:3) a wide differ-
ence between individual cows; and ( 4) a marked range in the 
response of the individual cow. The first two factors will be dis-
cussed later. 
Cow No. 665, a rather high producer, showed the greatest range 
in response to thyroxine administration, sho·wing an increase of 
11.50 pounds of milk or 30.80 per cent above the control period 
during the month of June, while in April she actually showed a 
reduction of 1.88 pounds or 3.44 per cent decrease. 'l'his is one of the 
widest variations observed. Cow No. 427 was somewhat more 
typical of the increase in milk production following thyroxine 
injection. She ranged from -0.4 pounds or 1.89 per cent decrease in 
April to a positive response of 4.02 pounds or 27.95 per cent increase 
during September. Similar results may be noted in the other cows 
(Table 5). 
'l'he average daily milk production of 18 cows previous to injection 
of thyroxine was 23.88 pounds. These 18 cows were given a total 
of 90 injections of thyroxine. The average of the three highest days 
aftQr injection was 27.12 pounds. The average increase of milk 
production following thyroxine injection was 3.24 pounds of milk 
or 13.56 per cent (Fig. 5). 
A correlation of 0.971 ± 0.006 was found to exist between the 
normal level of milk yield and the yield after the injection period 
(Fig. 6). The line of regression (Fig. 6, curve A) indicates the re-
lation between the normal rate of secretion and the capacity of the 
gland to increase its activity. The actual number of pounds of 
milk increased demonstrated that the cows at a high level of pro-
ductivity were able to increase more than cows at a low level of 
production. A cow producing an average of 20 pounds of milk when 
injected responded by an increase of 2.10 pounds, while a cow 
producing 50 pounds of milk showed an average increase of 3.0 
pounds of milk (Fig. 6, curve B). The percentage increase is high 
at low levels of production as compared to percentage increase at 
high levels of production (Fig. 6, curve C). 
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T ABLE 5.-AVERAGE DAILY MILK PRODUCTION OF Cows BEFORE AND AFTER MONTHLY 
THYROXI NE INJECTIONS 
Daily Milk Yield (lbs.) Da ily Milk Yield (lbs.) 
Before After Before After 
Cow Injec· Injcc· Differ· % Cow Jnj ec· Injec~ Differ· % 
No. Month tion tion encc Increase No. Month tion tion ence Increase 
427 Jan . 11.50 14.13 2.63 22.87 722 Mar. 26.7 29.77 3.07 11.50 
Feb. 11.63 13.60 1.97 16.94 Apr. 3.1.28 38.43 5.15 15.47 
Mar. 28.95 31.37 2.42 8.36 May 23.98 29.50 5.52 23.02 
Apr. 26 .9 26.5 -.4 -1.49 Sept. 35.05 40.67 5.62 16.03 
May 21.78 25.40 3.62 16.62 Oct. 33.13 39.00 5.87 17.72 
june 19.63 22.83 3.20 16.30 Nov. 28.45 35.3.1 6.88 24.18 
july 19.03 21.37 2.34 12.:W Avg. 30.10 3.1.45 5.35 17.99 
Aug. 17.80 19.10 1.3 7.30 
Sept. 14.38 18.40 4.02 27.95 838 Mar. .1.1.05 .14 .2 1.15 3.48 
Oct. 14.10 16.37 2.27 1-6.10 Apr. 36.70 41.40 4.70 12.81 
Nov. 12.98 15.87 2.89 22.27 .May .1.1.1.1 .16.13 3.00 9.06 
Dec. 12.50 14. 30 1.80 14.40 June 28.9.1 33.9 4.97 17.18 
Mar. 11.10 1.1.43 2.33 20.99 July 27.40 29.7 2.3 8.39 
Avg. 17.10 19.44 2.34 15.45 Av~. 31.8-1 35.07 3.23 10.18 
440 Mar. 21.7 2.1.0.1 J..JJ 6.13 872 Mar. .12.1 36.2 4.1 12.77 
Apr. 22.18 22.4.1 .25 1.1.1 Apr. 29 . .1S .12 . .3.1 2.95 10.04 
June 17.37 20.6.1 .1 .26 1R.77 May 2.1.80 24 .70 .90 3.78 
July 16 .. 10 20.90 4.60 28.22 Juue 1o.4S 17.7.1 1.25 7.58 
Aug. 14.88 17.13 2.25 15. 12 July 1:1.20 17 . .10 4.10 31.06 
Sept. 12.68 16.07 .1 . .19 26.74 A11g. 5.·12 0..1.1 - .09 - .96 
Oct. 12.25 14. 5.1 2.28 18.61 .'\vg. 20.06 23.27 2.21 10.71 
Avg. 16.77 19.25 2.48 16.40 
877 Mar. 12.15 17.1 4.95 40.74 
665 Feb. 42.RO 46.70 .1.9 9.11 Apr. lo.25 17.R6 J.(,J 9.91 
Mar. 38.10 48.60 10.5 27.56 Sept. 18.20' 22.HO 4.r.r, 25 .60 
Apr. 54 .58 .12.7 -1.8R -.1 .44 Oct. 15.Y 19.86 .1.96 24.91 
May 48.45 49 .93 1.48 3.05 N'OV. 14.05 1r..7 2.65 18.86 
June 37 . . 1.1 48.8.1 11.50 .10.80 Avg. 15.31 18.88 .1 .57 24.00 
Avg. 44.25 49.35 5.10 1.1.42 
883 July .10.2 33.1 2.9 9.60 
677 Dec. 54. 5.1 58.17 3.64 6.68 Aug. 23.2 25.9 2.7 11.64 
Jan. 48.4.1 54.6 6.17 12.74 Sept. 1·!.35 19 .. 13 5.08 35.65 
Feb . 42.85 48.17 5.32 12.42 Oct. 12.80 1.1 .. 13 .53 4.14 
Avg. 48.60 53 .64 5.04 10.61 Nnv. Y.SO 12.00 2.20 22 .44 
Avg. 18.05 20.7.1 2.68 16.69 
853 Feb. 28.50 29.50 1.0 :1 .51 
Mar. 21.62 25 .13 .1.51 16.2 .1 856 J1mc 22.1.1 26. 0 .1.85 17.38 
Apr. 22.72 25.96 3.24 14.26 July 211.45 26.2 5.75 28.12 
May 22.3 24.0 .1 1.73 7. 76 Aug. 17 . . 15 20.90 .1.55 20.46 
June 19.1 2.1.80 4.7 24.61 S<·Jit. 11.40 1.1.87 2.47 21.67 
July J 9.80 22.6.1 2.83 14.29 Oct. 7.GO 8.97 1..17 18.03 
Aug. 17.50 19.83 2.33 1:1.31 Avg. 15.79 19.19 .1.40 21.13 
Sept. 11.68 16.53 4.85 41.52 
Oct. 7.40 6.3.1 - 1.07 -16.90 857 J.i\·h. 2X.8 .12.1 .u 11.46 
Avg. 18.95 21.53 2.58 13.18 Mar. 22.4 27.5 5.1 22.77 
Apr. 2().5 28.5 2.0 7.55 
854 Feb. 24.68 28.26 3.58 14.50 May 24 .85 zr..o 1.15 4.6.3 
Avg. 25.64 2R. 5.l 2.89 11.60 
685 Dec. 29.2 32.2 :1 .0 10.27 
Jan. 25.98 30. 1 4.12 15.86 861 nee. 26.9 29.1.1 2.23 8.29 
Feb. 22 .90 26.8 3.90 17.03 
Mar. 20.7 24.7 4.0 . 20.0 887 June 15 . .30 18.20 2.90 18.95 
Avg. 24.70 28.45 3.75 15 .79 July 14.45 15.7 3 1.28 8.86 
Aug. 11.20 1.1 .20 2.0 0 17.86 
713 Feb . 27.85 32.0 4.15 14.90 Sept. 8.05 10.50 2.45 .10.44 
Oct. 5.62 7.20 1.58 28.11 
714 June 24.38 29.97 5.59 22.9.1 Avg. 10.92 12.97 2.05 20.84 
July 2.1.40 25.60 2.20 9.40 
Aug. 17.10 19.60 2.50 14.62 
Sept. 9.15 11.26 2.11 23.06 
Oct. 5.65 6.80 1.15 20.35 
Avg. 15.94 18.65 2.71 18.07 
18 
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Fig. 5.-Summary : The average daily milk yield, fat yield, solids-not· 
fat yield, the per cent of fat, the per cent of solids-not-fat, pulse rate, and 
body temperature, following 90 injections of thyroxine to 18 cows in all 
stages of lactation. 
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Fig. 6.-Shows the relationship of the milk yield before injection to the milk yield 
after injection. 
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Fat production.-'l'otal fat production has been shown to be In-
creased to a greater extent than total milk production when dairy 
cows are injected with thyroxine. 'l'he response m fat production 
resembles that of milk production m that a wide variation both be-
tween cows and within the individual animals was obtained. ('!'able 
6.) 
TABLE 6.-AVERAGE DAILY FAT PRODUCTION OF COWS BEFORE AND AFTER. 
Cow 
No. 
427 
440 
665 
677 
685 
713 
7.J4 
722 
838 
Month 
Jan. 
.Feu. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Mar. 
Avg. 
:Mar. 
.Apr. 
June 
July 
Aug. 
Sept. 
Oct. 
Avg. 
Feb. 
Mar. 
Apr. 
May 
June 
Avg. 
Dec. 
Jan. 
Feb. 
Avg. 
Dec. 
Jan. 
F eb. 
Mar. 
Avg. 
Feb. 
June 
July 
Aug. 
Sept. 
Oct. 
Avg. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Avg. 
Mar. 
Apr. 
May 
June 
July 
Avg. 
Before 
lnjec· 
tion 
0.519 
0.513 
1.1% 
1.103 
0.956 
0.776 
0.749 
0.679 
O.o09 
0.636 
0.5-lg 
0.556 
0.501 
0.719 
1.020 
l.ll16 
0.~~7 
0.~45 
0.701 
0.642 
0.601 
0.829 
1.471 
1.181 
1.740 
1.47 3 
1.266 
1.426 
2.120 
1.969 
1.633 
1.907 
1.034 
0.9.14 
0.823 
0.745 
0.884 
1.014 
0.769 
0.826 
0.578 
0.339 
0.237 
0.550 
1.122 
1.413 
1.131 
1.179 
1.218 
1.186 
1.208 
1.716 
1.8!.6 
1.815 
1.360 
1.361 
1.614 
MoNTHLY THYROXINE INJECTIONS 
Daily Fat Yiclcl 
After 
lnjec· 
tion 
0.676 
0.59~ 
1.398 
1.168 
1.136 
1.042 
0.949 
0.872 
0.833 
0.740 
0.762 
O.GS.l 
0.5-19 
0.875 
1.118 
1.142 
1.054 
1.126 
0.82·1 
0.877 
0.792 
0.990 
1.749 
1.593 
1.655 
1.727 
1.719 
l.GH9 
2.59.1 
2.264 
1.895 
2.251 
1.184 
1.160 
1.089 
1.173 
1.152 
l..ll6 
0.961 
0.915 
0.761 
0.466 
0.277 
0.676 
1.275 
1.567 
1.468 
1.613 
1.529 
1.480 
1.489 
1.943 
2.268 
2. 169 
1.860 
1.653 
1.979 
IJiffcr· 
c:ncc 
0.157 
o.usc; 
0.202 
O.Ub (• 
0.179 
0.266 
li.2UU 
0.193 
0.224 
ll.IO·I 
(1.21·1 
U.U97 
O.ll48 
0.156 
ll . ll98 
li.U.l6 
0.167 
0.281 
0. 12.1 
0.2.15 
0.191 
U.11il 
o.zn 
0.412 
- 0.085 
0.254 
0.45.1 
0.263 
0.47.1 
0.295 
0.262 
0 .. 144 
0 .. 150 
0.22-6 
0.266 
0.428 
0.268 
0.302 
0.192 
0.089 
0.183 
0.127 
0.040 
0.126 
0.153 
0.154 
0.337 
0.434 
0.311 
0.294 
0.281 
0.227 
0.452 
0.354 
0.500 
0.292 
0.365 
% 
Increase 
30. 18 
16.7.! 
IIi.% 
5.~3 
18.7 5 
34.2.() 
26.76 
2K35 
36. 7() 
16.31! 
39.02 
17.·40 
9.57 
22.85 
9.64 
0 .. 13 
18.82 
3.1.3.1 
17.62 
3fi.62 
3!.74 
21.16 
18.9.1 
.14.90 
--4.90 
17.25 
35.81 
20.24 
22.30 
14.98 
16.08 
17.79 
1.1.90 
24.26 
32.45 
57.48 
.12.02 
29.77 
24.97 
1.08 
31.71 
37 . .16 
17.08 
22.44 
1.1.69 
10.95 
29.76 
36.74 
25.54 
24.83 
23.59 
13.23 
24.89 
19.50 
36.81 
21.44 
23.17 
Before 
lnjcc· 
tion 
4.50 
4.43 
3.8 
4.1 
4.40 
3.96 
.1.94 
3.81 
4.26 
4.49 
·1.23 
4.45 
4.52 
4.22 
4.7 
5.0 
5.10 
5.18 
4.68 
5.0 
4.94 
4.94 
3.45 
.1.10 
3.20 
3.20 
3.68 
3.33 
.1.85 
4.00 
.1.43 
.1.76 
3.5.1 
3.(,6 
3.65 
3.62 
.1.62 
3.65 
3.24 
.1.45 
3.38 
3.80 
4.25 
3.62 
4.2 
4.25 
4.75 
3 . .15 
3.70 
4.2.1 
4.08 
5.1 
4.95 
5.45 
4.8.1 
4.9.1 
5.05 
Daily Fat Per Cent 
After 
lnjec· 
tion 
4.92 
4.63 
4 .53 
4.63 
4.77 
4.60 
4.40 
4.58 
4.62 
4.62 
4.80 
4.65 
4.98 
4.67 
4.92 
4.H2 
5.30 
5.52 
4.82 
5.55 
G.!.! 
5.29 
3.7 5 
3.40 
3.23 
3.52 
3.80 
3.54 
4.52 
4.12 
4.03 
4.22 
.1.67 
4.00 
4.42 
4.88 
4.24 
4.12 
3.55 
3.55 
4.18 
4.96 
4.48 
4.14 
4.75 
4.42 
5.00 
3.96 
4.07 
4.28 
4.41 
5.82 
6.00 
6.07 
5.44 
5.58 
5.78 
DitTer-
ence 
0.42 
0.20 
0.73 
U.5.l 
0.37 
0.64 
0.46 
0.77 
0.36 
0.13 
0.57 
0.20 
0.46 
0.45 
0.22 
-0.1 8 
0.20 
0. 34 
0.14 
0.55 
1.19 
<US 
0 . .10 
lUU 
0.03 
0 . .13 
0.12 
0.21 
0.67 
0.12 
0.60 
0.46 
0.14 
0.34 
0.77 
1.26 
0.62 
0.47 
0.31 
0.10 
0.80 
!.16 
0.23 
0.52 
0.55 
0.17 
0.25 
0.61 
0.37 
0.05 
0.33 
0.72 
1.05 
0.62 
0.61 
0.65 
0.73 
% 
Increase 
9 .. 13 
4.51 
19.21 
12.93 
8.41 
16.16 
11.68 
20.21 
8.45 
2.90 
13.48 
4.49 
10.18 
10.92 
4.68 
-.1.61 
3.92 
6.56 
2.99 
11.00 
24.08 
7.09 
8.70 
9.68 
0.94 
10.00 
3.26 
6.52 
17.40 
.1.00 
17.49 
12.63 
.1.96 
9.29 
21.09 
34.81 
17.29 
12.88 
9.57 
2.89 
23.67 
30.53 
5.41 
14.41 
12.94 
4.00 
5.26 
18.21 
10.00 
1.18 
8.60> 
14.12: 
21.21 
11.37 
12.63" 
13.18: 
14.5(1, 
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TABLE 6.-AVER.AGE DAILY FAT PRODUCTION OF COWS BEFORE AND AFTER 
THROXINE IN JEGTIONs-:-Continued 
Cow 
No. 
853 
854 
856 
857 
861 
872 
877 
883 
887 
Month 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Avg. 
Feb. 
June 
July 
Aug. 
Sept. 
Oct. 
Avg. 
Feb. 
Mar. 
Apr. 
May 
Avg. 
Dec. 
Mar. 
Apr. 
May 
June july 
Aug. 
Avg. 
Mar. 
Apr. 
Sept. 
Oct. 
Nov. 
Avg. 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Avg. 
June 
July 
Aug. 
Sept. 
Oct. 
Avg. 
Before 
ln.) ec-
tion 
1.367 
1.127 
1.314 
1.193 
1.021 
1. 028 
0.867 
0.707 
0.525 
1.017 
1.222 
1.165 
0.986 
0.837 
0.619 
0.443 
0.811 
1.450 
1.109 
1.359 
1.251 
1.292 
1.415 
1.57 3 
1.277 
0.999 
0.739 
0.549 
0.275 
0.902 
0.838 
1.092 
1.042 
1.041 
0.971 
0.997 
1.222 
0.932 
0.781 
0.665 
0.570 
0.834 
0.929 
0.888 
0.688 
0.535 
0.421 
0.692 
Daily Fat Yield 
After 
Injec-
tion 
1.942 
1.369 
1.349 
1.351 
1.408 
1.245 
1.103 
0.964 
0.465 
1.244 
1.686 
1.354 
1.471 
1.080 
0.769 
0.481 
1.031 
1.993 
1.425 
1.529 
1.378 
1.581 
1.714 
2.019 
1.401 
1.149 
0.844 
0.739 
0.336 
1.081 
1.147 
1.060 
1.401 
1.27 3 
1.075 
!.191 
1.520 
1.378 
1.048 
0.767 
0.589 
1.060 
1.163 
1.052 
0.827 
0.695 
0.473 
0.842 
Differ-
ence 
0.57 5 
0.242 
0.036 
0.157 
0.387 
0.217 
0.236 
0.257 
-0.060 
2.27 
0. 464 
0.179 
0.485 
0.243 
0.150 
0.038 
0.220 
0.543 
0.316 
0.170 
0.127 
0.289 
0.299 
0.446 
0.124 
0.150 
0.105 
0.191 
0.061 
0.179 
0.309 
-0.032 
0.359 
0.232 
0.104 
0.194 
0.298 
0.446 
0.267 
0.102 
0.019 
0.22.6 
0.234 
0.164 
0.139 
0.160 
0.052 
0.150 
% 
Increase 
42.04 
21.48 
2.71 
13.17 
37.93 
21.08 
27.20 
36.35 
-11.41 
21.17 
37.97 
15.41 
49.24 
29.05 
24.13 
8.62 
25.29 
37.45 
28.56 
12.56 
10.19 
22.19 
21.08 
28.35 
9.69 
15.00 
14.32 
38.81 
22.08 
21.38 
36.84 
-2.88 
34.40 
22.28 
10.74 
20.28 
24.38 
47.83 
33.43 
15.42 
3.38 
25.09 
25.19 
18.45 
20.19 
29.85 
12.43 
21.22 
Before 
Injec-
tion 
4.80 
5.20 
5.80 
5.35 
5.30 
5.19 
5.00 
5.93 
7.01 
5.51 
4.95 
5.26 
4.83 
4.83 
5.38 
5.83 
5.23 
5.15 
4.95 
5.02 
5.30 
5.11 
5.27 
4.9 
4.37 
4.20 
4.49 
4.52 
5.16 
4.61 
6.90 
6.70 
5.80 
6.55 
6.90 
6.57 
4.05 
4.01 
5.50 
5.49 
5.65 
4.94 
6.10 
6.12 
6.14 
6.95 
7.53 
6. 57 
Daily Fat Per Cent 
After 
Injec-
tion 
6.63 
5.62 
5.20 
5.43 
5.93 
5.52 
5.87 
6.15 
7.38 
5.97 
5.97 
5. 30 
5.63 
5.77 
6.33 
6.50 
5.91 
6.20 
5.32 
5.38 
5.35 
5.56 
5.80 
5.72 
4.60 
4;72 
4.98 
4.57 
6.36 
5.16 
6.93 
6.68 
6.48 
6.42 
6.77 
6.66 
4.77 
5.30 
5.63 
5.65 
5.15 
5.30 
6.6J 
6.88 
6.65 
6.65 
6.50 
6.66 
Differ· 
ence 
1.83 
0.42 
-0.60 
0.08 
0.63 
0.33 
0.87 
0.22 
0.37 
0.46 
1.02 
0.04 
0.80 
0.94 
0.95 
0.67 
0.68 
1.05 
0.37 
0.36 
0.05 
0.45 
0.53 
0.82 
0.23 
0.52 
0.49 
0.05 
1.20 
0.55 
0.03 
-0.02 
0.68 
-0.13 
. -0.13 
0.09 
0.72 
1.29 
0.13 
0.16 
-0.50 
0.36 
0.52 
0.76 
0.51 
-0.30 
-1.03 
0.09 
% 
Increase 
38.13 
8.08 
-10.34 
1.50 
11.89 
6.36 
17.40 
3.71 
5.28 
11.41 
20.60 
0.76 
16.56 
19.46 
17.66 
11.49 
13.19 
20.39 
7.47 
7.17 
0.94 
8.99 
10.06 
16.73 
5.26 
12.38 
10.91 
1.11 
23.26 
11.61 
0.43 
-0.30 
11.73 
-1.98 
-1.88 
1.60 
17.79 
32.17 
2.36 
2.91 
-8.84 
9.28 
8.52 
12.42 
8.31 
-4.32 
-13.67 
2.25 
Cow No. 857 during the month of February showed an increase of 
0.54 pounds of fat or a 37.45 per cent increase as compared to the 
month of May in which she responded by showing an increase of 
0.127 pounds or 10.19 per cent. Cow No. 853 in June showed an 
increase of 0.39 pounds of fat or a 37.93 per cent increase while in 
October an increase of -0.06 pounds of fat was elicited, or a decrease 
of ll.41 per cent. These cows represent typical variations obtained 
by thyroxine injection. 
The average total fat production of the 18 cows injected with 
thyroxine during the control period was 1.037 pounds of fat per day. 
The average fat yield for the three highest days while the cows were 
under thyroxine influence was 1.267 pounds per day. There was a 
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difference of 0.2:3 pounds of fat or an average percentage increase 
of 22.18 (Fig. 5). 
The fat percentage of the milk was slightly increased. The aver-
age per cent of all cows during the control period was 4.65 per cent 
as compared to an average of 4.87 per cent for the three highest 
days after injection. 'rhe actual increase was 0.22 per cent or an 
average percentage increase of 4.73. These results seem to indicate 
that fat secretion is more markedly affected than total milk produc-
tion. 
A correlation of 0.941 ± .0121 was observed hetween the normal 
level of fat production and the level of fat yield following thyroxine 
injection. The line of regression denotes the relationship of the 
above mentioned variable (Fig. 7, Curve A). 
:z LBS. Q2.00 
g18 
~1 .6 
181 /(C) / R.9406±.01'21 
(A\ 1 / _/ 
\ I !0// / 
I ' $f /. I I ;>:,Y /LEGEND 
1 ;' ,97 / =REGRESSION LINE OF FAT YIELD 
\ 000..')/ / ---BEFORE INJECTION WITH FAT YIELD l ,":1>7 x / AFTER INJECTION WITH S.E. OF ESt 
, I J7 Y ---FAT YIELD BEFORE INJECTION WITH I X / INCREASE IN FAT YIELD AFTER IN-
/ / / JECTION 
// V ---FAT YIELD BEFORE INJECTION j/ /\ WITH% INCREASE IN FAT YIELD 
t- ,/,~, / \ AFTER INJECTION ~ 20 /.b // ',, X= MEANS OF ~OWS AT CLASS 
· / - INTERVAL 
0 o '20 40 .6o .8o m o 1. 160 26o-FAT YIELD AFTER INJECTION LBS 
o 05 .10 .15 .20 2 5 .30 .35 ---KTUAL FAT INCREASE LBS, 
o 4 8 12 16 2o 24 28 32 36 40 ---- %INCREASE 
Fig. 7.--Shows the rclation"hip hetw"cn the total daily yield of fat before injection 
to the total daily fat yield after thyroxine administration. 
Cows producing 0.4 pounds of fat per day increased an average 
of 0.09 pounds after injection, while cows at a level of 2.00 pounds 
per day showed an increase of 0.35 pounds of fat. 'l'he l1igher the 
level of fat production before injection the greater the actual number 
of pounds of fat increase (Fig. 7, Curve B). However, the percentage 
increase was lower at high levels of production than at low levels 
(Fig. 7, Curve C). This possibly indicates that the mechanism for 
fat synthesis, even though very active in high producing cows may 
be accelerated by thyroxine administration. 
A high producing cow undoubtedly has a mammary gland which 
has a larger number of alveolar cells or in which the cells are at a 
higher rate of activity than those of a cow of lower production. If 
the metabolism of both animals is raised an equal amount, the high 
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producing animal with the higher potential mammary working unit 
should show a greater increase in actual number of pounds of mille 
However, if we assume that two animals are producing 20 and 40 
pounds of milk respectively, and that the low producer has one-half 
the number of secretory cells of the high producing animal, also 
that both animals are increased the same percentage in metabolic 
activity, then the cow giving 20 pounds of milk should show one-half 
the increase in milk yield as would the cow giving 40 pounds of 
milk. The results do not show this type of a relation. One then 
mig·ht expect that the secretory cells of the high producing cow 
were normally closer to their physiological limit than those of the 
low producing cow. Therefore, additional stimulation would not be 
as effective in high producers as in low producers. 
Solids-not-fat.-As a general rule an increase in milk production is 
associated with a decrease in total solids of the milk. It has been 
sho,vn by investigation that the per cent of fat and solids-not-fat 
follow the same general trend. Fat production does increase when 
cows are injected with thyroxine. One might expect, therefore 
a similar increase in solids-not-fat. 
The solids-not-fat showed a marked variation in response to 
thyroxine injection within the individual animal and between 
different cows (Table 7). The greatest response shown was in Cow 
No. 665 in June. The solids-not-fat increased 1.091 pounds or 35.48 
per cent. However, in April an actual decrease of .:353 pounds 
S. N. F . or a 7.42% decrease was noted. Cow No. 440 during July 
showed an increase of 0.527 pounds or 37.12 per cent as compared to 
the month of April during which a decline of 0.0:35 pounds or a 
percentage decrease of 0.17 per cent was observed. 
The solids-not-fat averaged 2.035 pounds per day in the control 
period for all 18 cows. The average production of solids-not-fat 
during the three highest days after injection was 2.335 pounds per 
day. The actual increase was 0.30 pounds per day or 14.74 per cent 
above the control period. The increase was 1.18 per cent greater 
than in the case of milk yield. This small difference probably is not 
significant. 
The percentage of solids-not-fat was 8.65 per cent which increased 
slightly but remained within the normal range, and indicates that 
the milk was of normal composition so far as solids-not-fat are 
concerned. 
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TABLE 7.-AVERAGE DAILY SOLIDS-NOT-FAT PRODUCTION OF COWS BEFORE AND 
AFTER THYROXINE INJECTION 
Daily S.N.F. Yield Daily S.N.F. Per Cent 
Before After Before After 
Cow Injec- Injec- Differ- % Injec- Injec· Differ- % 
No. Month tion tion ence Increase tion tion ence Increase 
427 Jan. 0.993 1.186 0.193 19.40 8.59 8. 39 - 0.20 - 2.33 
Feb. 1.010 1.1 19 0.109 10. 83 8.66 8.60 -0.06 -0.68 
Mar. 2.370 2.655 0.284 11.99 8.19 8.59 0.40 4.88 
Apr. 2.301 2.313 0.012 0.54 8.57 8.49 - 0.08 -0.93 
May 1.747 2.193 0.445 25.48 8.01 8.64 0.63 7.87 
June 1.637 1.897 0.259 15.85 8.35 8.45 0.10 1.20 
July 1.560 1.907 0.347 22.25 8.19 8.88 0.69 8.42 
A ug. 1.463 1.596 0.133 9. 06 8.24 8.42 0.18 2.18 
Sept. 1.176 1.553 0.376 31.97 8.18 8.48 0.30 3.67 
Oct. 1.275 1.555 0.280 21.97 9.00 8.41 - 0.59 -6.56 
Nov, 1.112 1.414 0. 302 2 7.25 8.69 8.78 0.09 1.04 
Dec. 1.069 1.233 0.164 15.30 8.72 8.77 0.03 0.34 
Mar. 0.939 1.103 0.164 17.49 8.45 8.54 0.09 1.07 
Avg. 1.435 1.671 0.236 17.64 8.45 8.57 0.12 1.55 
440 Mar. 1.876 2.02 .1 0.147 7.84 8.64 8.86 0.22 2.55 
Apr. 2.093 2.058 -0.0.15 -0.17 9.44 9.24 -0.20 -2.1 2 
June 1.515 1.803 0.288 19.07 8.77 8.91 0.14 1.60 
July 1.419 1.946 0.527 37.12 8.71 9.34 0.63 7.23 
Aug. 1.325 1.485 0.160 12.06 8.89 8.89 0 0 
Sept. 1.087 1.479 0.392 3-6.05 8.78 9.25 0.47 5.35 
Oct. 1.1 31 1..124 0.193 17.06 9.2.1 9.03 - 0.20 -2. 17 
Avg. 1.492 1.7 31 0.239 18.43 8.92 9.07 0.15 2.38 
665 Feb. 3.449 3. 882 0.433 12.51 8.06 8.30 0.24 2.98 
Mar. .1.06.1 .1 . 87 3 0.809 26.44 8.06 S.ll 0.05 0.62 
Apr. 4.762 4.409 -0.353 - 7.43 8.75 8.48 - 0.27 - 3.09 
May .1.794 4.153 0.359 9.48 8.25 8.32 0.07 0.85 
June 3.078 4.169 1.091 35.48 8.31 l\.65 0.34 4.09 
Avg. 3.629 4.095 0.466 15.30 8.29 8.37 0.08 2.62 
677 Dec. 4.499 4.877 0.378 8.41 8.24 8.37 0.13 1.58 
Jan. 3.956 4.558 0.602 15.20 8.1 6 8.48 0.32 .1.92 
Feu. 3.649 4.1 93 0.544 14.91 8.51 8. 75 0.24 2.82 
Avg. 4.035 4.543 0.508 12.84 8.31 8.53 0.23 2.77 
685 Dec. 2.338 3.045 0 .. 117 13.59 8.28 8. 18 -[).]() - 1.21 
Jan. 1.957 2.436 0.479 24.53 7.(i9 8.20 0.51 6.63 
Feb. 1.828 2.217 0 .. 189 21.30 8.00 8.31 0.31 3.8S 
Mar. J..663 2.075 11.412 24.74 7.90 8.67 0.77 9.75 
Avg. 1.944 3 .. 14.1 0.399 21.04 7.97 8.34 0 .. 17 4. 76 
71.1 Feu. 2.255 2.714 0.459 20. 34 8.10 8.47 0.37 4.56 
714 June 1.976 2.414 0.438 22. 18 8.1 0 8.15 0.05 0.62 
July 1.848 2 .. 160 0.512 27.70 7.93 R.77 0.85 10.73 
Aug. 1.419 1.634 !1.31.1 15.1.1 8 . .10 8.:l5 0.05 0.60 
S ept. 0.793 0.974 0.181 22.Hh 8.8-~ 8.67 -0.17 -1.92 
Oct. 0.471 n.r.2o 0.149 31.51 8.9.1 9.14 0.21 2 .. 15 
Avg. 1.301 1.600 0.299 2:!.88 8.42 S.fi2 0.20 2.48 
722 Mnr. 2.240 2 .. 104 0.064 Z.R.J 8.39 8.55 0.] 6 1.91 Apr. .1.1.13 .1.446 0.3U 10.00 9.43 9.10 -0 .. 1.1 -.1.50 
May 2.141 2.608 0.467 21.82 8.93 9.02 0.09 1.01 
Sept. 2.988 .1.494 0.506 16.92 8.5.1 8.69 o.1 u 1.88 
Oct. 2.949 .1.471 0.522 17.69 8.69 9.20 0.51 5.87 
N<>v. 2.452 3.124 0.672 27.43 8.66 8.85 0.19 2.19 Avg. 2.o51 .1.07 5 0.434 16.1 2 8.79 8.90 0.1.3 1.56 
838 Mar. 2.875 2.827 - 0.047 -1.67 8. 59 R.44 -0.15 -1.75 Apr. 3.314 .1.738 0.424 12.HJ 9.04 9.02 - 0.02 - 0.22 
May 2.981 3.179 0.198 6.65 9.00 8.86 - 0.14 -1.5.6 
June 2.564 3.0.13 0.469 18.20 8.84 9 . . 19 0.55 6.22 
July 2.357 2.80.1 0.446 18.9.1 8.78 9.59 0.81 9.23 Avg. 2.818 3. 116 0.298 10.98 8.85 9.06 0.21 2.38 
854 Feb. 2.133 2.51.3 0.380 11.79 8.65 8.89 0.24 2.77 
853 Feb. 2.429 2.679 0.250 10.29 8.69 8.79 0.10 1.15 
Mar. 1.888 2.124 0.236 12.46 8.7.1 8.7.1 0 0 Apr. 2.042 2.316 0.274 13.37 8.97 8.94 -0.03 - 0.3.1 
May 1.989 2.163 0.174 8.7.1 8.81 9.01 0.20 2.27 June 1.806 2.187 0.381 21.07 9.20 9.22 0.02 0.217 
uly 1.775 2.024 0.249 14.07 8.95 9.40 0.45 5.02 Aug . 1.586 1.777 0.191 12.07 9.21 9.28 0.07 0. 76 Sept. 1.090 1.511 0.421 38.58 9 .. 19 9.21 - 0.18 -1.92 Oct. 0.708 0.599 - 0.109 -15.44 9.64 9.85 0.31 3.20 Avg. 1.701 1.931 0.230 12.80 9.07 9.16 0.09 1.15 856 June 1.851 2.119 0.268 14.50 8.34 8.27 -0.07 -0.84 
uly 1.713 2.371 0.658 38.45 8.39 9.00 0.61 7.27 Aug. 1.476 1.779 0.303 20.60 8.50 8.56 0.06 0.71 Sept. 0.966 1.185 0.219 22.72 8.36 8.44 0.08 0.85 Oct. 0.658 0.782 0.124 18.92 8.64 9.16 0.52 6.02 Avg. 1.333 1.647 0.314 23.03 8.45 8.69 0.24 2.80 
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TABLE 7.-AVERAGE DAILY SOLIDS-NOT-FAT PRODUCTION OF CoWS BEFORE AND 
AFTER THYROXINE INJECTION-Continued 
Daily S.N.F. Yieltl Daily S.N.F. Per Cent 
Before After Before After 
Cow Injec· lnj ec- Differ- % I njec· Injec- Differ· % 
No. Month tion tion ence Increase tion tion encc I ncrease 
857 F eb. 2.487 2.807 0.320 12.87 8.65 8.80 0.15 1.7 3 
Mar. 1.879 2.328 0.449 23.89 8.39 8.65 0.26 3.10 
Apr. 2.206 2.451 0.245 11.11 8.46 8.72 0.26 3.07 
May 2.246 2.342 0.096 4.27 9.04 9.00 0.04 0.44 
Avg. 2.205 2.482 0.277 13.03 8.64 8. 79 0.1 5 1. 87 
861 Dec. 2.322 2.578 0.256 11.04 8.55 8.88 0.3.1 3.86 
872 Mar. 2.701 3. 11 8 0.407 15.03 8.42 8.69 0.27 3.21 
Apr. 2.687 2.849 0.162 6.06 9.17 8.88 - 0.29 - 3.16 
May 2.020 2.141 0.121 6.0.1 8.48 8.61 0.1 3 !.53 
June 1. 368 1.453 0.085 6.24 8.32 8. 34 0.02 0.24 
July 1. 094 1. 550 0.456 41.7 .1 8.22 8.93 0.71 8.64 
A ug. 0.434 0.426 0.008 1.98 7.92 8.10 IJ.I S 2.27 
Avg. I. 717 1. 923 0.206 12.85 8.42 8. 59 0.1 7 2.12 
877 Mar. 1.130 1.529 0.399 35.26 9.30 9.20 - 0. 10 -1.08 
Apr. 1.583 1.616 0.033 2.10 ~.74 9. 07 -0.67 -6.88 
Sept. 1.649 1.979 0. 329 19.95 9.06 9.00 - 0.06 - 0.66 
Oct. 1. 464 1.835 0.371 25 . .12 9.21 9.82 0.61 6.62 
Nov. 1.321 1.48 1 0.160 12. 16 9.40 ·9.19 - 0.21 -2.23 
Avg. 1.429 1.688 0.259 18.96 9.34 9.26 - 0.08 -0.85 
883 Ju ly 2.5 68 3.003 0.434 16.92 8.51 9.02 0.51 5.99 
Aug. 1.989 2.3 19 0.330 16.59 8.54 9.11 0.57 6.67 
Sept. 1.279 1.69 7 0.418 32.73 8.84 8.78 - 0.06 -0.68 
Oct. 1.139 1.207 0.068 5.96 9.05 9.46 0.41 4.53 
Nov. 0.817 1.050 0.2.13 28.54 8.42 8.73 0.30 3.56 
Avg. 1.5 58 1. 855 0.297 20.15 8.67 9.02 0.35 4.01 
887 June 1.440 1.625 0.185 12.83 9.46 9.28 - 0. 18 -1.90 
July 1. 355 1.5 63 0.208 15.34 9.36 9.78 0.42 4.49 
Aug. 1.049 1.235 0.1 86 17.76 9.33 9.69 0.36 3.86 
S ept. 0.723 0.956 0.233 32. 15 9.39 9.12 -0.27 -2.88 
Oct. 0.540 0.679 0. 139 25 .70 9.59 9.48 - 0.11 -1.15 
Avg. 1.022 1.212 0. 190 20.76 9.43 9.47 0.04 0.48 
Pulse rate and body tempemture.-Thyroxine has been shown in 
numerous experiments to increase the basal metabolic rate. Pulse 
rate can be used only as a very rough estimate as to the rate of 
metabolism. 
Pulse rate increased as a general rule when thyroxine was ad-
ministered to dairy cows. Cow No. 677 in February showed the 
greatest response by an increase of 19 beats per minute or 27.09 
per cent following thyroxine administration (Table 8). Cows No. 
838 and 872 in August did not show an increase in pulse rate as 
compared to the month of June when they increased 10 beats or 
11.59 per cent and 16.3 beats or 25.08 per cent increase in order 
mentioned. This illustrates the type of variation in individual cows. 
The average heart rate of all cows during the control period was 
67.16 beats per minute as compared to 74.8 beats per minute of the 
cows under the influence of thyroxine. The actual increase of pulse 
was 7.64 beats per minute. (Fig. 5.) It is interesting to note the 
close parallelism between the rise of pulse rate and milk production. 
A correlation of 0.7603 ± 0.0449 was found to exist between 
normal pulse rate and the pulse rate after injection of thyroxine. 
The following relationship was found as shown by the line of 
regression (Fig. 8, Curve A). When the normal pulse was at 60 beats 
per minute an average increase of 9.65 was observed, while at 80 
Cow 
No. 
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TABLE 8.-AVERAGE DAILY PULSE RA'l'E BEFORE AND AF'l'ER MON'l'HLY 
THYROXINE INJEC'l'IONS 
Month 
Daily l'ulsc Hate per Minute 
Before 
Injec· 
tion 
After 
Injec-
t ion 
Differ- % Cow 
ence Increase No. M.nnth 
Daily Pulse Rate per Minute 
Before 
Injec-
tion 
After 
Injec-
ticm 
---
Differ· % 
cnce Increase 
--:u?;;;~o:o;;~ri 
Feb. 65.20 74 .. >0 
11.60 
9.10 
6.00 
7.90 
6.80 
19.3.1 
13.96 
10.16 
11.67 
10 .. 18 
26.37 
I 5.52 
6.13 
----
838 Mar. 
Apr. 
May 
_Tune 
July 
Aug. 
Avg. 
71.00 
74.00 
7 .1.40 
6.J.IJO 
68.00 
67.00 
69.40 
72.00 
82.00 
81.30 
73.00 
75.60 
67.00 
75.15 
11.00 
8.00 
7.90 
10.00 
7.60 
1.40 
10.81 
10.76 
11.59 
11.18 
440 
665 
677 
685 
713 
714 
722 
Mar. 59.00 65.00 
Apr. 67.70 75.60 
May 65.50 72.30 
June 52.70 66.60 
)uly 58.00 67.00 
Aug. 58.70 62.30 
Sept. 57.20 66.60 
Oct. 61.00 60.00 
Nov. 52.00 64.00 
Dec. 62.50 65.00 
Mar. 59.70 63.30 
Avg. 59.94 67.19 
Mar. 
Apr. 
June 
July 
Aug. 
Sept . 
Oct. 
.Avg. 
Feb. 
Mar. 
Apr. 
May 
June 
Avg. 
Dec. 
Jan. 
Feb. 
Avg. 
Dec. 
Jan. 
Feb. 
Mar. 
Avg. 
Feb. 
1~~~e 
Au~. 
Sept. 
Oct. 
Avg. 
Mar. 
Apr. 
May 
Sept. 
Oct. 
Nov. 
Avg. 
66.00 
78.20 
68.50 
65.00 
60,00 
63.50 
69.50 
67.10 
fi9.00 
63.00 
80.00 
6o.OO 
61.70 
67.94 
7 3.70 
72.20 
70.50 
72.13 
63.50 
62.00 
65.00 
62.50 
63.00 
55.50 
59.00 
62.00 
(i0.50 
69.10 
7 5.00 
65.12 
58.00 
71.70 
72.20 
64.00 
67.70 
63.50 
66.18 
69.00 
76.00 
80.60 
74.30 
67.30 
74 .. Hl 
75.00 
7 3.79 
7.1.00 
69.00 
86.00 
H 1.00 
7 5 .. 10 
76.86 
89.60 
RH.OO 
89.60 
89.07 
76.30 
80 .. 10 
74 . .10 
75 . .10 
76.55 
58 .. 60 
75.00 
73.00 
o7.60 
79.00 
86.00 
76.12 
66.00 
75.00 
77.60 
74.oO 
70.00 
6.1.00 
71.03 
13.90 
9.00 
.1.60 
9.40 
-1.00 
12.00 
2.50 
3.60 
7.25 
3.00 
-2.20 
12.10 
9.30 
7.30 
11.~0 
5.50 
6.69 
4.00 
Ci.OO 
6.00 
15.00 
I 3.60 g_n 
15.90 
15.80 
19.10 
16.94 
1.'-RO 
18.30 
9 .. 10 
12.80 
13.55 
3.10 
16.00 
11.00 
7.10 
9.90 
1 ].()() 
11.00 
8.00 
3 .. 10 
5.40 
10 .. 60 
2.30 
-0.50 
4.85 
16.43 
-1.64 
23.07 
4.00 
6.!B 
12.42 
4. 55 
-2.80 
17.6(, 
14.31 
12.17 
18.8X 
7.91 
llUS 
5.80 
9.42 
7. so 
22.73 
22.(14 
1.1.52 
21.57 
21.88 
27.09 
23.51 
22.08 
29.5 I 
14 . .10 
20.48 
21.59 
5.59 
27.12 
11.77 
25.71 
14.33 
15.60 
18.90 
13.79 
4.60 
7.50 
14.69 
3.40 
-7.84 
6.02 
--·-·-----··- --
853 
854 
856 
857 
861 
873 
877 
883 
887 
Fe h. 
Mar. 
Apr. 
May 
June 
July 
.Aug-. 
Sept. 
Oct. 
Avg. 
Feb . 
J l111C 
July 
Aug. 
St·pt. 
Oct. 
Avg. 
~\·h. 
Mar. 
Apr. 
May 
Avg. 
!),•c. 
Mar. 
Apr. 
May 
June 
July 
Aug-. 
Avg. 
Mar. 
Apr. 
Sept. 
Oct. 
Nov. 
Avg. 
July 
Aug-. 
Sept. 
Oct. 
Avg. 
June 
July 
Aug. 
Sept. 
Oct. 
Avg. 
6.1. 70 
64.50 
78.00 
71.70 
rl2.20 
(,(,,20 
6.1.00 
6().70 
63.00 
66.00 
61.20 
65.70 
6.1.50 
59.00 
6ri.JO 
70.50 
65.00 
63.00 
59 .. 10 
70.00 
65.()() 
64 .. 12 
78.50 
69.00 
7ri.OO 
70.50 
65.00 
65.00 
65.00 
68.42 
72.00 
87.00 
72.20 
76.00 
72.20 
75.88 
69.00 
62.00 
64.:HJ 
77.70 
66.54 
71.20 
67.50 
62.00 
6~.50 
75.20 
68.88 
78.00 
78.30 
81.00 
81.00 
s2.oo 
7 5 .. 10 
62 .. 10 
711.110 
7.l.OO 
75.72 
72.60 
81..10 
7.1.00 
70 .. 10 
82.00 
7.i.fiil 
76.84 
7 .l.OO 
69 .. l0 
72.30 
7.1 . .10 
71.96 
91.60 
81.30 
8.1..>0 
79 .. 10 
suo 
70.00 
65.00 
76.70 
80.60 
95.00 
87.00 
85.00 
Rll.OO 
85.52 
78.00 
74.00 
82.70 
75 .70 
74.74 
84.60 
78.00 
70.00 
86.60 
86.60 
81.16 
5.75 
14 .. 10 
13.80 
.1.()0 
9 . .10 
20.40 
9.10 
-2.70 
9 .. Hl 
11.00 
9.72 
Jl.40 
15.60 
I 1.50 
11.30 
15.70 
5.10 
1l.M 
10.00 
I 0.00 
2.30 
8.30 
7.64 
13.10 
12.30 
7 .. 10 
8.80 
16.30 
5.00 
8.28 
8.60 
8.00 
14.80 
9.00 
7.80 
9.64 
9.00 
12.00 
18.40 
-2.00 
8.20 
13.40 
10.50 
8.00 
18.10 
11.40 
12.28 
7.62 
22.45 
21.40 
3.85 
12.97 
32.80 
1.1.75 
-7.+0 
15 .. 12 
17.74 
14.76 
11.86 
23.74 
18.11 
22.54 
23.68 
7.23 
19.06 
15.87 
16.86 
3.29 
12.77 
12.20 
16.69 
17.83 
9.61 
12.48 
25.08 
7.69 
12.12 
11.94 
9.20 
6.65 
11.84 
10.80 
10.09 
13.04 
19.35 
28.62 
-2.58 
12.89 
18.82 
15.55 
12.90 
26.42 
15.16 
17.77 
beats per minute an increase of 8.16 beats per minute was found 
(Fig. 8, Curve B). The lower the pulse rate before injection the 
greater the percentage increase (Fig. 8, Curve C). The above facts 
probably indicate that the higher the normal pulse rate the less the 
response obtained by administering thyroxine. This observation 
agrees with the results of Thompson et al. (1929) who showed that a 
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low initial level o£ metabolism was important in securing the greatest 
rise per mg. of thyroxine. 1'hey showed that the per cent rise of 
basal metabolism per mg. of thyroxine administered in the normal 
was one-half that of a myxedematous patient. 
t-
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Fig. 8.-Showing the relat ion between the heart rate before injection to heart beat 
after injection of thyroxine. 
Because of the simultaneous rise of pulse rate and milk production 
it was thought o£ interest to note the following correlations. The 
correlation between normal pulse rate and normal milk yield of 90 
observations was found to be 0.1813 ± 0.1037. This would indicate 
very little relationship between the normal pulse rate and normal 
milk production when both are within the normal range. However, 
when the increase o£ pulse rate was correlated with the increase in 
milk yield due to thyroxine administration, the correlation was 
0.2732 + 0.0987. A correlation o£ 0.3595 + 0.0918 was shown to exist 
between the increase in pulse and the increase in pounds of £at when 
thyroxine was given. These correlations, although low, possibly 
indicate a definite relationship as there undoubtedly is a large 
number of contributing £actors which influence the increased milk 
and fat production following thyroxine injection. 
Body temperature remained within normal limits. As a result o£ 
thyroxine injection only three cows showed at any time difficulty o£ 
proper heat dissipation. Cows No. 427, 677, 838 in August, December, 
and July in the order named showed a tendency to increase in body 
temperature which slightly exceeded 102° Fahrenheit £or two days. 
It could be concluded that the cows were able to dissipate the heat 
produced by the increased rate of metabolism without difficulty 
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as shown by the body temperature. Regan et al. (1938) has shown 
that the milk production decreased rapidly in cows whose body 
temperature is 102° l<'ahrenheit or above. In none of the cows on 
experiment was the rise in body temperature high enough to marked-
ly affect milk production. 
ReszJonsc durino vm·ious staocs of lactation.-Previous work at this 
Station and others have shown that a variation in response to thy-
roxine administration was quite noticeable during various months 
of lactation. ·why does milk production rise and then decline as 
lactation progresses? Herman et al. (19:38) stated that the rise and 
fall of the lactation curve probably represents a rise and decline in 
the secretion of several pituitary hormones. Animals during the 
first month of lactation should be proclueing· an optimum amount of 
thyrotropic hm:mone. 'l'urner and Cupps ( 1938) reported that the 
pituitary of rats contained a larger amount of thyrotropic hormone 
just after parturition than during pregnancy. Reece and Turner 
(1937) reported that the lactating rat and guinea pig pituitaries 
contained more lactogen than those of dry animals. 'l'hey also 
reported that the pituitaries of lactating cows contained more 
thyrotropic hormone than did pituitaries of dry cows. 
Co·ws given thyroxine during the peak of lactation vary quite 
markedly in the l'esponse. Cows in the first month of lactation 
showed an average increase of 2.62 pounds of milk while eows during 
the second to eighth months increased an average of 2.80 to 4.06 
pounds of milk ('fable 9). Herman et al. (1938) reported that cows 
given thyroid during the peak of lactation showed a smaller response 
than during the declining phase of lactation. In some cases a.n 
a.ctua.l decline was observed. One might expect an optimum amount 
of thyrotropic hormone being produced during the peak of lactation. 
Therefore additional amounts of thyroxine injected would probably 
cause the hyperactive tissue throughout the body to compete with the 
mammary gland tissue for the precursors of milk and thereby 
reduce the response as show11 by an increased milk production. As 
a result of high endocrine function the secretory cells may also be 
at a very high rate of activity. Also probably the largest number 
of actively secreting cells are available and working at this time. 
If additional stimulation was given they would possibly be nearing 
their physiological limit and therefore a smaller response would 
be obtained. 
Cows administered thyroxine during the second to eighth months 
of lactation responded by an increase in milk production of 2.80 
to 4.06 pounds (Table 9). The increase of milk yield during the sixth 
month of lactation was exceptionally low due to the fact that two 
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cows did not respond. Reece et al. (1939) showed that the lactogenic 
content of the rat pituitary decreased as lactation progressed. Holst 
and Turner (19:39) have made similar observations on guinea pigs 
and rabbits. Cows during· the declining phase of lactation might be 
expected to show a similar decline in the secretion of several 
pituitary hormones; therefore, less milk production. 'l'he thyrotropic 
hormone probably would decrease, and as a result less thyroxine 
would be secreted by the thyroid gland. 'l'be fact that the data shows 
a fair consistency of the increase in milk production follmYing 
thyroxine injection during the second to eighth months might in-
dicate that Yery few of the mammat-y glaucl cells have undergone 
regression but only a decline in acti Yity. Turner & Reineke ( 1f:J:36) 
reported that a goat in a.dvanced lactation showed. secretory cells 
present but inactiYe. 'l'his decline in activity is possibly due to a 
lo·wering of endocrine function. If the general metabolism is raised 
an equal amount at each successive month, one would expect the 
cellular activity of the mammary gland to increase the same each 
time; therefore, an eqnalnnm ber of pounds of milk could be secured. 
Ho·wen'r, after the ninth month of lactation the co-vvs showed a 
gradual decline in response following thyroxine injection. It is be-
lieved that a greater drop in encloc1·ine activity is possibly obtained 
duri11g~ the last fe·w months of lactation. Superimposed on the de-
creased alveolar activity, it is probable that involution of the 
mammary gland begins. Turner and Heinel;:_e (19:36) reported that 
a goat at the end of lactation showed signs of involution of the 
mammary gland. Even if the metabolism is raised during the latter 
stages of lactation there is possibly a smaller number of secreting 
cells present, so one might expect the response following thyroid 
administration to be smaller. 
Another contributing factor during the latter stages of lactation 
might be the rapid decline of other pituitary hormones, the lacto-
genic, parathyrotropic, adrenotropic, carbohydrate, fat, and protein 
metabolism hormones, one or more of which could be the limiting 
factor for synthesis of milk to occur even when the general metabolic 
level is raised due to thyroid administration. 
The normal total fat production declined and the per cent of fat 
increased as lactation progressed ( 1'able 9). The increase in the 
pounds of fat due to thyroxine injection was about the same (0.336-
.272 pounds) for the first four months after which a gradual decline 
occurred to the end of lactation. An increase of 0.60 per cent of fat 
was shown during the first month of lactation when thyroxine was 
given. The three following months showed an approximately equal 
increase of 0.40 per cent or slightly above. After the fifth month the 
TABLE 9.-AVERAGE RESPONSE DURING THE MONTH OF LACTATION OF Cows ADMINISTERED THYROXINE 
:Month of 
lactation 
No. of 
injections 
Pou,.ds of milk 
Before injection .... . . .. .. ... ... 35.19 
After injection .... .. . . • •. .. . .. 37.81 
Increase .... . .. .. .. , . . . ... , ... 2 .62 
% Increase . . . . . . . . • . . . . . . . . . . . 7.68 
Potwds of Fat 
Before injection .... . . . . .. ..... 1..+56 
After injection ......•........ . 1.728 
Increase ...................... . 0.272 
% Increase ................ . ... 18.13 
Per Cent of Fat 
Before injection ... . ... ......... 4.0i 
After injection .........•...... 4.66 
It1crease . . . . . . . . . . . . . . . . . . . . . . . 0. 59 
% Increase ............. .... ... H.49 
Pounds Solid-twt·fat 
Before injection .... . . . .... .. . 2.923 
After injection . . . . . . . . . . . . . . . . 3.201 
Increase . . . . . . . . . . . . . . . . . . . . . . . 0.27 3 
% increase .... .... ....... ... . . 9.SS 
Per Cent Solid-not-fat 
Before injection ............... 8.36 
After injection ......... . ...... 8.52 
Increase . . . .. . .. ...... ..... . . .. 0.16 
% Increase . . . . . . . . . . . . . . . . . . . . 1.90 
Pll/se 
Before injection .. ..... ....... 67.04 
After injection ................ 7 5.98 
Increase . . . . . . . . . . . . . . . . . . . . . . . 8.94 
% Increase ..... . ...... .. . . ... . 15.85 
II 
7 
31.88 
35.-17 
3.59 
10.84 
1.336 
1.651 
0.316 
25.10 
4.19 
4.83 
0.64 
15.27 
2.689 
3.072 
0.383 
14.86 
8.44 
8.70 
0.26 
3.12 
68.70 
80 .. 10 
11.60 
17.01 
III 
9 
27.-+3 
31.49 
4.06 
16.71 
1.245 
1.581 
0.3 36 
27 .84 
4.63 
5.3 1 
0.68 
15.26 
2.356 
2.739 
0.383 
18.22 
8.58 
8./S 
0.20 
2.43 
67.59 
80.2S 
12.69 
17.41 
IV 
13 
2-t.-!3 
27.96 
__ ,. ;) .:~ 
14.81 
1.116 
1.405 
0.289 
26.28 
-L75 
5.20 
0.-tS 
8.98 
2.099 
2.422 
0.323 
15.04 
8.63 
8.87 
0.24 
2.81 
66.41 
7-1.77 
8.36 
11.67 
v 
12 
22.6S 
26.-13 
3.75 
16.45 
1. 011 
1.22 3 
0.212 
20 .44 
4.68 
4.89 
0.21 
5.73 
1. 925 
2.288 
0.363 
19.37 
8.56 
R.SO 
0.~-t 
2.85 
65.92 
7 3.25 
7.37 
11.72 
VI 
8 
2 -1.2 1 
25 .85 
1.64 
9.45 
1.038 
1.176 
0. 138 
J.l.94 
-1.53 
4. 94 
0.41 
8.95 
2.069 
2.229 
0.1 60 
11.11 
S.56 
8.70 
0.14 
1.78 
67.20 
76 .35 
9. 15 
13.51 
VII 
10 
20.70 
23.50 
::.so 
16.67 
0.899 
1.099 
0.200 
2-L37 
4.68 
5.1+ 
0.46 
10. 30 
1. 76 1 
2.027 
0 .266 
18.36 
8.61 
8.80 
0.19 
2.33 
63 .62 
74.77 
11.15 
13.51 
\'III 
9 
17.13 
20.66 
3.53 
18.10 
0.770 
0.945 
0.17 5 
22.97 
4.85 
5. 36 
0.51 
10.74 
1.513 
1.839 
0.326 
20.02 
8.79 
8.94 
0.15 
1. 83 
65.90 
73.06 
7.16 
10.94 
IX 
13 .60 
16.68 
3.08 
22.81 
0.694 
0.897 
0.::!03 
28.20 
5.25 
5.51 
0.26 
5.81 
1.213 
1.484 
0.271 
2+.58 
9.05 
9.06 
0.(11 
0.17 
66.3S 
76.34 
9.96 
12.76 
X 
11.75 
14.39 
2.64 
24 .J.l 
0.683 
0.805 
0.122 
19.9S 
5.92 
5.91 
-0.01 
-1.20 
1.074 
1.3 04 
0.230 
23.55 
9.24 
9.15 
-0.09 
-0.53 
69.53 
78. 18 
8.60 
12.51 
XT 
10.38 
11.66 
1.28 
8.19 
0. 548 
0.644 
0.096 
16. ~4 
5.48 
6.14 
0.66 
12.89 
0.944 
1.036 
0.920 
7.00 
9.12 
9.09 
-0.03 
-0.26 
63.83 
73 .20 
9.37 
14.99 
XII 
11.63 
1.1.60 
1.97 
16.9 7 
0.513 
0.599 
0.086 
16.73 
4.43 
4.63 
0.20 
4.51 
1.010 
1.119 
0.109 
10.83 
8.66 
8.60 
-0.06 
- 0.69 
65.20 
74.30 
9.10 
13.96 
XIII 
11.1 
13.43 
2.33 
20.99 
0.501 
0.5 49 
0.048 
9.57 
4.52 
4.98 
0.46 
10.18 
0.939 
1.103 
0.164 
17.49 
8.45 
8.54 
0.09 
1.07 
59.70 
63.30 
:1 .60 
9.03 
i;;j 
i'i 
~ 
:> 
:;;:! 
0 
P:1 
t::J q 
~ 
1-3 
z 
v~ 
f-' 
-1 
t-:l 
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increase of fat percentage following thyroxine administration was 
less. 
The total pounds of solids-not-fat showed a decrease while the per 
cent of solids-not-fat increased as lactation continued (Table 9). 
The increase due to thyroxine injection was approximately the same, 
varying from 0.16 to 0.383 pounds for the first 10 months, after which 
the increase in total pounds of solids-not-fat declined. The increase 
in the per cent of solids-not-fat as a result of thyroxine injection 
followed no particular trend as lactation progressed. 
The normal pulse rate ranged from an average of 68.7 beats per 
minute for the second month of lactation to 63.62 beats per minute 
during the seventh month (Table 9). No trend was noted as lacta-
tion proceeded. Neither was there a noticeable change in the increase 
of pulse rate due to thyroxine administration. 
Seasonal effects.-It is ·well known that total solids of milk vary 
with the season of the year. Herman (1938) reported that solids-
not-fat decreased during the summer months as compared to the 
winter months. Turner (1936) showed that the per cent of fat also 
decreased during the summer months and increased in the winter. 
It is interesting to note the relation of thyroid activity as sho-vvn by 
the iodine content of the gland throughout the year. The iodine 
content of the thyroid is lowest during the months of April and May 
after which a gradual increase was shown until August and Septem-
ber and then a decline (Fig. 1) Seidell and Fenger (1913). '!'his may 
mean that during the summer months we have a storage of thyroid 
secretions. Kuschinsky and Tangsui (1935) reported that rats ex-
posed to high temperatures showed a marked decrease in thyrotropic 
content of the pituitary. This possibly also means a decreased 
thyroid activity in the warm summer months. 
Most progressive dairymen have their cows freshen in the fall of 
the year in order to secure the highest production records, parturi-
tion being the first stimulus for milk production followed by a second 
stimulation of spring pasture. The increase of milk production fol-
lowing thyroxine injection was less during the months of spring 
and fall pasture. The increase of milk yield was 1.96 and 1.99 pounds 
for the months of April and October, respectively, as compared to 
the other months ranging from 2.06 to 3.86 pounds in August and 
March in the order mentioned (Table 10). As milk production is 
apparently stimulated especially by spring pasture, one might expect 
the response to be less following thyroxine injection because of the 
afore-mentioned reason when the cows did not respond as well dur-
ing the peak of lactation. 
TABLE 10.-AVERAGE SEASONAL RESPONSE OF COWS INJECTED WITH THYROXINE 
Month of year Jan. 
No. of injections 3 
Po1"'ds of Milk 
Before injection ................... .. . . . 28.64 
After inj ection ............ . ......... .. 32.94 
Increase ........ ... . , .......... ... ..... 4.30 
% increase ...... . ...... . ........ .. ..... 17.16 
Pounds of Fat 
Before injection ........................ 1.141 
After injection .................... ..... . 1.367 
Increase . . . . . . . . . . . . . . . . . .... . . . . . . . . .•. . 0.226 
% increase ........................... . . 23.14 
Per Ce11t of Fat 
Before injection .•. . . ...... .... .......•. 4.05 
After injection .... . .......... , ..... . .. 4.35 
Increase • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 0.30 
% increase ............... . ............. 7.21 
Po~tnds of Solids-11ot-fat 
Before injection .......... , ............ . 2.302 
After injection .. . ............... , ..... 2.727 
Irtcrease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .425 
% increase .......................... . . . 19.71 
Per Cent of Solids-11ot-fat 
Before injection ........................ 8.15 
After injection . . .•..... . ... . . . ........ 8.36 
Increase .. ... . ............ . ..... . ... . . .. 0.21 
% increase .... ... . .. .... .. . . .. . . ..... .. 2.74 
Pulse 
Before injection . , . ................. . .. . 64.90 
After injection .......................... 78.60 
Increase .•..........•.......•......... 13.70 
% increase .... . . . . ... ...... ...... . .. .. . 21.10 
Feb. 
8 
28.75 
32.14 
3.39 
12.48 
1.187 
1.534 
O.H7 
28.92 
4.19 
4.97 
0.78 
17.97 
2.405 
2.757 
0.352 
14.36 
8.42 
8.61 
Q.19 
2.40 
63.76 
74.92 
11.16 
16.52 
Mar. 
11 
24.42 
28.28 
3.86 
17.32 
1.103 
1.365 
0.262 
24.61 
4.64 
5.17 
0.53 
25.75 
2.057 
2.360 
0,303 
16.03 
Apr. 
9 
29.83 
31.79 
1.96 
7.36 
1.357 
1.460 
0.103 
6.58 
4.82 
5.00 
0.18 
5.25 
2.680 
2.805 
0.125 
6.09 
8.46 9.06 
8.73 8.88 
0.27 -0.18 
2.20 -1.91 
64.23 
71.65 
7.42 
11.62 
75.84 
80.69 
4.85 
6.47 
May 
7 
28.33 
30.81 
2.48 
9.70 
1.261 
1.483 
0.222 
17.66 
4.66 
4.98 
0.32 
7.12 
2.417 
2.683 
0.266 
11.78 
8.65 
8.78 
0.13 
1.64 
69.18 
77.97 
8.79 
12.80 
June 
9 
22.30 
26.88 
4.58 
19.40 
0.990 
1.264 
0.274 
26.78 
4.66 
5.06 
0.40 
8.62 
1.915 
2.300 
0.385 
18.39 
8.63 
8.74 
0.11 
1.27 
63.22 
78.81 
14.59 
22.80 
July 
9 
20.47 
23.61 
3.15 
16.69 
0.939 
1.186 
0.247 
25.62 
4.69 
5.Hi 
0.47 
9.83 
1.743 
2.169 
0.426 
25.83 
8. 56 
9. 19 
0.63 
7.34 
64.91 
74.02 
9.11 
13.44 
Aug. 
8 
15.56 
17.62 
2.06 
12.42 
0.695 
0.898 
0.203 
28.00 
4.62 
5.43 
0.81 
18.43 
1.343 
1. 531 
0.188 
13.16 
8.62 
8.82 
0.20 
2.13 
62.13 
67.31 
5.18 
10.56 
Sept. 
14.98 
18.83 
3.85 
27.63 
0. 717 
0.963 
0.246 
33.95 
5.10 
5.59 
0.49 
11.04 
1.306 
1.647 
0.341 
28.22 
8.81 
8.85 
0.04 
0.41 
64.98 
78.09 
13.11 
18.34 
Oct. 
9 
12.72 
14.71 
1.99 
14.56 
0.643 
0.755 
0.112 
15.34 
5.53 
5.75 
0.22 
5.16 
1.148 
1.341 
0.193 
21.24 
9.10 
9.28 
0.18 
2.33 
70.51 
76.32 
5.81 
8.30 
Nov. 
4 
16.32 
19.98 
3.66 
21.94 
0.819 
0.976 
0,157 
19.49 
5.25 
5.25 
0 
0 
1.425 
1.767 
0.342 
23.85 
8.79 
8.89 
0.10 
1.52 
62.57 
69.00 
6.43 
8.68 
Dec. 
4 
30.78 
33.45 
2.67 
9.91 
1.281 
1.536 
0.255 
18.67 
4.28 
4.66 
0.38 
8.98 
2.555 
2.833 
0.278 
12.09 
8.45 
8.55 
0.10 
1.52 
69.30 
80.37 
11.07 
15.69 
~ 
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Dec. 
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Total fat production following thyroxine administration showed 
no seasonal trend. However, the increase of the total pounds of 
fat was less during the months of April and October and the per 
cent of fat decreased slightly. The total pounds of solids-not-fat 
increased after thyroxine was given. The increase of solids-not-fat 
was less in April and October than in other months of the year. The 
per cent of solids-not-fat decreased the most during the two months 
previously mentioned. 
Seven hundred seventy-five normal pulse observations taken over 
the entire year showed a seasonal variation. ('l'able 11.) The 
TABLE H .-SEASONAL NORMAL PULSE VARIATION OF D AIRY Cows 
Number 
of Obser· Arithmetic 
vations Average 
59 67.2034 ±.7575* 
63 64.3650 ±.4822 
82 64.0976 ±.3969 
87 74.6200 ±.56! 0 
60 68.3000 ±.7670 
42 61.2857 ±.6275 
90 66.6889 ±.6312 
64 60.500 ±.2100 
68 65.5588 ±.5623 
72 71.0000 ±.5744 
32 65.2500 ±.9376 
56 68.9643 ± .8491 
775 
Standard 
Deviation 
8.6268 ± .5369* 
5.6744 ±.3410 
5.3282 ±.2807 
7.7600 ±.4640 
8.8077 ± .5423 
6.0287 ±.44.17 
6.8777 ±.4463 
2.520 ±.1500 
6.8749 ±.3976 
7.2264 ±.4062 
7.8637 ±.6630 
9.4207 ±.6004 
Standard error of the 
difference between 
two means 
Months X:-X. 
Compared Ui) 
Jan.· Feb. 2.1319 
F eb.· Mar. 0.0289 
Mar.-Apr. 8.9674 
Apr.·May 4.3004 
May-June 4.7743 
June-July 4.5810 
July·Aug. 7.830 
Aug.-Sept. 9.4324 
Sept. -Oct. 4.5680 
Oct.-Nov. 3.5280 
Nov.-Dec. 2.0030 
Aug.-Apr. 15.8700 
Aug.-Oct. 11.560 
*Probable error. 
maximum pulse rate was obser ved during the spring and fall months 
when pasture was available. The pulse averaged 74.6 and 71.0 
beats per minute for April and October, respectively. During the 
months of June, July and August the pulse rate was 61.3, 66.7 and 
60.5 beats per minute, respectively (Fig. 9). The high pulse rates 
FEB. MAR.. APR.IL MAY JUNE JULY AUG.. S PT. OCT NOV EC. 
MONTHS OF YEAR. 
Fig. 9.-Seasonal variation of 775 normal pulse rates. 
observed in April and October may have some relation to the in-
creased milk production observed when the cows are on spring 
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and fall pasture. Does this mean that grass contains factors which 
stimulate milk production, or is the temperature during the spring 
and fall months most enticing to high milk production f 
The Effect of Thyroidectomy and Thyroxine Injection On the 
Milk and Fat Yield of Goats* 
Plan of Investigation.-The secretion of the thyroid gland has 
been shown to be essential for the maintenance of maximum milk 
production. In an attempt to discover the extent of t he influence 
of the thyroid gland and the thyroxine requirements for maximum 
milk production, studies were initiated using milking goats in 
various stages of the declining phase of lactation ('l'able 12). 
TABLE 12.-DESCRIPTION OF GOATS USED IN EXPERIMENT 
Goat Number 
231 
348 
507 
833 
837 
Stage of Lnct:ttion 
Early decline 
Early decline 
E~arly decline 
I~arly Uccline 
Miclclle of <!<"line 
Date of Thyroidectomy 
March 23, I 938 
March 30, I 938 
March 24, I 9.18 
March 3 I. 1938 
June 30, 1938 
A sterile bilateral thyroidectomy was performed on each animal. 
The animals recovered quickly as very little deleterious effect was 
noted on feed consumption. 
During the entire experimental per iod, milk yield, per cent of fat, 
and heart rate was observed daily. The milk was weighed each night 
and morning on a reliable spring balance. 'l'he psr cent of fat. was 
determined by the Babcock method each day on a composite sample 
of the morning and night milkings. 'l'he heart rate per minute 
was determined by placing a stethoscope on the floor of the chest 
of the animal. 'l'he heart beats were counted for :30 seconds and 
multiplied by two. An average of three observations was taken as a 
measure of the heart activity. 
The mono-sodium salt of thyroxine ·was secured from Hoffman-
LaRoche, Nutley, New Jersey. 'l'he thyroxine was dissolved in 4 
per cent sodium hydroxide solution and brought to its isoelectric 
point with 4 per cent hydrochloric acid at a pH of approximately 
7.0-7.4. The solution was made fresh at each injection period. The 
solution contained 1 mg. of thyroxine per cubic centimeter. The 
solution was injected subcutaneously in the neck region, caution 
being taken to reduce infection to a mnnmum. No ill effect was 
noted in any ease from the injection. 
Presentation of Data.-Removal of the thyroid gland caused a 
marked drop in milk yield of all goats. 'l'he lowered milk production 
*The data presented in this section was obtained by Dr. E. T. Gomez. 
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was in part due to the shock of the operation and also to a lowering 
of metabolic activity as shown by the decreased heart activity (Fig. 
10). 
>-
::..L 
---1 
HYROID 
R.EMOVED 
GOAT 837 
/. " /• .\ 1
' r ;· · 1· " -. \ '\ ,· \.! \ 
'\ rJ \ \ r·~· 
'-'"'·J 
'v·-' 
% 4: 
I 3< 
Ll.... 
2 
2 o~--~----~---7~--~ 1 10 20 30 40 
DAYS 
Fig. 10.-Control goat (837). Effects of thyroidectomy 
on milk production, per cent of fat and pulse rate. 
TABLE 13.-EXPERIMENTAL PROCEDURE FOR GOAT No. 837 
Heart rate 
Length of Periods per minute 
Control period-4 days . . . . . . . . . . . . . . . . . . . . . . . 86.3 
Thyrodectomized-
1st week . .. .. . . . . .. . . . . . . . . .. .. . . .. . . 78.1 
2nd week . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83.1 
3rd week . . . . . . . . . . . . . . . . • . . . . . . . . . . . 80.8 
4th week . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80.0 
Average 
Milk 
(lbs.) 
1.68 
1.30 
1.17 
.80 
.49 
Fat 
% 
3.30 
3.21 
2.47 
2.47 
2.87 
Goat No. 837 was thyroidectomized somewhat later in the year 
(Table 13). She was used as a control animal as no thyroxine was 
administered during the experiment (Fig. 10). The control period 
showed a heart rate of 86.3 beats per minute. Milk production was 
!.68 pounds per day which averaged 3.03 per cent fat. Within four 
weeks milk production had decreased an average of 70.8 per cent 
or to a level of 0.49 pounds per day. The pE)rcentage of fat increased 
slightly for the :first week following thyroidectomy, after which it 
declined to an average of 2.87 per cent during the fourth week. The 
heart rate decreased an average of six beats per minute during the 
fourth week. 
Milk production and heart rate for goat No. 231 demonstrated that 
the animal was maintained at approximately normal metabolic levels 
when 1 mg. of thyroxine per day was administered to the thyroidec-
tomized animal (Table 14. Fig. 11). Doses of 2 and 3 mg. of thyroxine 
INJECTION 
STOPPED 
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I 
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Fig. 11.-Gont No. 23 J. Effect of thyroidectomy and thyroxine inj cctions on daily milk yield, the per cent of fat, and heart rate. 
per day for varying lengths of time in general indicated increased 
metabolic activity. The milk and fat production as well as the heart 
rate was well above the normal metabolic level. Administration of 
TABLE 14.-EXPERIMENTAL PROCEDURE FOR GOAT No. 231 
Length of Peri ods 
Control period-4 days . ... . ....... . .. . . .•. . . . Thyroidectomy-no trentment-3 days .. . . . .. . . 1 mg. thyroxinc--9 days . . . .. ...... . . ... .... . Rest period-IS days ...... .. .. .... . ..... .. . . 
2 mg. thyroxinc--11 days .. . ... ..•... . ... . .. • Rest period-!! days .. . .... .... . ...... , .... . 1 mg. thyroxine--S days .. ...... . . .... .. , . . . . Rest period-23 days .... . .. . .....•.....•... . 3 mg. thyroxine-3 days . .. • ... . .. . . . ... . .... Rest period-! 0 days ... .... •... . . . . ... .. .... 
3 mg. thyroxine-3 days , .. .... ....... ... .... . Rest period-! 0 days ............ . .......... . 10 mg. thyroxine-3 days . ... ....... .•....... Rest period-10 days .. .... ........ .. .. .... .. 
Heart rate 
per minute 
---
88.00 
74.00 
7 5.66 
68.80 
101.30 
85.81 
80.75 
8.1.78 
73.60 
73 .10 
76 .00 
79.00 
84.6 
9.1.8 
Average 
Milk 
(lbs.) 
3.55 
2.53 
2.06 
3.26 
2.94 
2.93 
1.93 
2.42 
2.06 
1.86 
1.56 
1.52 
1.56 
2.15 
Fat 
% 
4'.56 
4.18 
4.19 
3.51 
3.62 
3.25 
2.92 
3.4() 
2.83 
2.96 
2.77 
2.9() 
3.37 
10 mg. of thyroxine per day for three days was manifested by an 
increase in milk production from 1.56 to 2.15 pounds. The heart rate 
also increased on the average of 8.8 beats per minute. Milk pro-
duction declined 56 per cent in 100 days after thyroidectomy. 
The day following thyroidectomy goat No. 348 was administered 
1 mg. of thyroxine per day for 10 days (Table 15, Fig. 12). The 
milk and fat production was maintained at a level corresponding to 
the control period. The heart rate increased from 86 to 99.2 beats 
per minute which was slightly higher than during the control period. 
The general metabolic activity was somewhat higher than normal 
when 2 and 4 mg. of thyroxine per day were given the animal. Milk 
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TABLE 15.-EXPERIMIDNTAL PROCEDURE FOR GOAT No. 348 
L ength cf Periods 
--------
Control period-4 days ... . ................. . 
Thyroidectomy-10 mg. thyroxine 10 days ... . 
Rest period-19 days ... .. ... . .. .... ... . .... . 
2 mg. thyroxine-3 days ............. . ..... . . 
Rest period-10 days .. ...... . . ........ . .... . 
2 mg. thyroxine-3 days .. .. ........ . ....... . 
Rest period-19 days .. ....... ...... .. ...... . 
2 mg. thyroxine- 6 days ............... . .... . 
Rest period-13 days .............. ....... .. . 
4 mg. thyroxine-3 days ........ . ... . ..• .. . . . 
Rest period-S days ......... .. ...... . ...... . 
Heart rate 
per minute 
86.00 
99.20 
72.95 
79.00 
7 5.20 
97.66 
82.42 
78.66 
78. 30 
74.·60 
83.9 
Average 
Milk 
(lbs.) 
1.27 
2.21 
2.14 
1.36 
1.77 
2.58 
1.7 3 
1.02 
1.34 
0.80 
!.58 
·----
F at 
% 
4.20 
5.72 
3.84 
2.93 
3.15 
3.70 
2.62 
2.46 
3.52 
4.30 
3.97 
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Fig. 12.-Goat No. 348. Effect of thyroidectomy and thyroxine injections on daily 
milk yield, the per cent of fat, and heart rate. 
and fat production was well above the normal range of the goat's 
previous productivity, and 90 days after total thyroidectomy were 
approximately as high as during the control period. 'fhe data in-
dicate that milk production may be maintained above normal levels 
for a considerable period of time after parturition when sufficient 
amounts of thyroxine are administered. 
Goat No. 507 was thyroidectomized March 24 after which she 
received intermittent injections of thyroxine in various doses and 
for varying lengths of time (Table 16). Administration of 1 mg. 
of thyroxine per day demonstrated the feasibility of maintaining 
normal body activity. The fact that milk and fat production de-
clined only slightly and that heart rate decreased only very little 
indicated thyroxine was given in sufficient amounts to stimulate 
metabolic activity comparable to the normal level (Fig. 13) . Some-
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TABLE 16.-EXPERIMENTAL PROCEDURE FOR GOAT No. 507 
Average 
Heart rate Milk Length of Periods per minute (lbs.) 
------------
------------Control-S days . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90.2 1.96 Thyroidectomy-! mg. thyroxine-10 days . . . . . 8S.7 1.22 Rest period-IS days . . . . . . . . . . . . . . . . . . . . . . . . . 64.5 1.79 2 mg. thyroxine-!! days . . . . . . . . . . . . . . . . . . . . . 99.7 1.96 Rest period-!! days . .. . .. .. .. .. . . . . .. .. ..... 97.1 2.30 I mg. thyroxine-S days . . . . . . . . . . . . . . . . . . . . . . 96.1 2.16 Rest period-14 days . . . . . . . . . . . . . . . . . . • . • . . . . 80.8 1.30 3 mg. thyroxine-S days . . . . . . . . . . . . . . . . . . . . . . 77.0 1.42 Rest period-12 days . . . . . . . . . . . . . . . . . . . . . . . . . 86.0 1.66 5 mg. thyroxine-3 days . . . . . . . . • . . . . . . . . . . • . . 9.1.7 1.46 Rest period-·-10 days . . . . . . . . . . . . . . . • . . . . . . . . .. 110 . .1 1.79 10 mg. thyroxinc-.l days . . . . • . . . . • . . • . . . . • . . . 102.6 1.70 Rest period-IS days . . . . . . .. . . . . . . .. . . . . . . . . . 111.7 1.97 
Fat 
% 
37 
6.0 
4.54 
3.33 
3.33 
3.46 
2.77 
2.84 
2.86 
2.94 
2.93 
3.11 
2.96 
3.41 
-------------------- ---------------
PER 
Mli'VTE THYROID INJECTION 
I REMOIED STOPI'tD 
. I 
10 0 50 '0 100 110 
Fig. 13.-Coat No. 507. l~ffect of thyroidectomy and thyroxine injections on daily mil.k yield, per cent of fat, :uul pulse rate. 
what larger amounts of thyroxine (2, 8, G, alllllO mg-.) when injected 
subcutaneously showed that milk and fat production vvas increased. 
'l'he heart rate was increased when large amounts of thyroxine were 
given. Milk and fat yield subsided very slightly 110 days after 
thyroidectomy. 
TABLE 17.-EXPERIMENTAL PROCEDURE FOR GOAT No. 833 
Average 
------------------
Heart rate Milk Fat Length of Periods per minute (lbs.) % 
--------------- -----
-----Control pert'od ... ............... . .. .. ... .. . . 
Thyroidectomy-2 mg. thyroxinc-11 days . .. . 
Rest period-17 days . . .. ....... ... . . ... .... . 
2 mg. thyroxine-.1 days . . ............. .. ... . 
Rest period-IS days . .. ...... .............. . 
3 mg. thyroxine-S days •.... . . .. .. . ... .. . ... 
Rest period-14 days .... ..... ......... . .... . 
3 mg. thyroxine-3 days ....•. . . ......... .... 
Rest period-! 0 days ...........•. . . .. ....... 
5 mg. thyroxine-3 days ................•.... 
Rest period-10 days .... ......... ..... . .... . . 
10 mg. thyroxine-3 days . ... .. ..... ........ . 
Rest period-! 0 days .. .. . .. ...... ...... . . . . . 
85.50 
93.70 
95.70 
76.60 
72.20 
77.00 
69.42 
65.70 
69.6 
69.3 
82.5 
85.3 
87.3 
3.76 4.08 
3.19 4.30 
3.32 3.38 
2.64 3.10 
2.33 2.95 
2.41 3.33 
2.76 3.18 
2.00 2.60 
1.55 2.92 
2.20 3.20 
2.15 2.40 
2.36 3..00 
2.59 3.53 
--------------------~------
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Thyroidectomy caused a marked drop in the milk production of 
goat No. 833 (Fig. 14). Administratio!l of 2 mg. per day of thyroxine 
for 11 days re-established normal milk and fat production. The 
heart rate increased on the average of 7.8 beats per minute as shown 
in Table 17. The administration of 2, 3, 5, and 10 mg. of thyroxine 
per day for periods of 3, 8, 3, 3, and 3, days respectively, caused 
a marked rise in milk production, which had declined gradually 
during the experiment. The injection of large doses (5-10 mg. per 
day) thyroxine for short periods seems to be as effective in increasing 
activity as small doses (1 mg. per day) for long periods of time. Milk 
and fat production declined 31 per cent llO days following thy-
roidectomy. 
GOAT 833 
10 20 30 40 50 60 70 8o 90 100 
DAYS 
Fig. 14.-Effect of thyroidectomy and thyroxine injections on daily milk yield, per cent of fat. 
and pulse rate of goat No. 833. 
Physiological Changes and Blood and Milk Analyses of Goats 
Injected with Thyroxine* 
Plan of Investigation.-As milk and fat production of cows and 
goats has been shown to increase when thyroxine was injected, it 
was deemed worthwhile to note chemical changes, if any, in the 
blood and milk. Four goats were injected with thyroxine and 
chemical analyses of their blood and milk were made. 
The mono-sodium salt of thyroxine in alkaline solution injected 
subcutaneously was shown to be more effective than administration 
of desiccated thyroid in producing an increased milk production in 
cows (Herman et.al., 1938). This probably applies to all ruminants. 
Therefore, the mono-sodium salt of thyroxine in alkaline solution 
*Data collected by N. P. Ralston. Mr. V. E. Peterson assisted in the chemical analysis of 
blood and milk. 
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was injected into the neck region of the goats. Eight mg. of 
thyroxine were given on the evening of the second day and then an 
additional 4 mg. were administered on the fourth day (Fig. 15). The 
salt of thyroxine was obtained from the British Drug House, 
London. 'l'he thyroxine was prepared and injected as in the previous 
experiments. 
'l'he goats were in the late declining phase of lactation and there-
fore at a low level of production. 'l'hree of the goats (No. 231, 436 
and 846) were in very good physical condition. Goat No. 503 went 
off feed just after the experiment was started, but was not taken 
off the experiment because she showed a high body temperature, 
which indicated a high heat production or metabolism. During the 
latter part of the experiment she resumed normal activity. 
A control period of two days was taken to secure a normal level 
of blood and milk constituents and other observations. Grain was 
fed at the same definite rate throughout the experiment, while 
roughage was fed ad libitum. No grain vvas fed in the mornings until 
all observations and blood and milk samples were obtained. Ample 
water was available at all times. 
'l'he goats were milked twice daily at 12 hour intervals. The milk 
was measured in a graduated cylinder. The per cent of fat was 
determined on each night and morning milking by the Babcock 
method. 
Observations, blood and milk samples were taken at the same time 
each morning in order to rule out as many diurnal variations as 
possible. 'l'he heart rate and respiratory r ate was taken by using 
a stethoscope. Rectal temperatures were taken before the goats 
were milked, after which a 60 cc. sample of blood was secured from 
the jugular vein. Fifteen cc. were collected in a centrifuge tube 
which contained approximately 0.3 per cent potassium oxalate solu-
tion to prevent clotting. The other 45 cc. of blood were collected 
in a 50 cc. centrifuge tube and allowed to clot by setting in a low 
temperature ·refrigerator. Immediately after the blood samples 
were obtained the systolic blood pressure was determined by using 
the palpation method. An air pressure Tycos sphygmomanometer 
was used. The goat was laid on her side and the rubber compression 
arm bag was placed around the hind leg just above the hock. One 
person read the manometer as another individual felt the pulsation 
of the artery below the hock. An average of three successive read-
ings was taken in order to rule out as much variation as possible. 
Blood sugar, fat, total nitrogen, non-protein nitrogen, and the 
freezing point depression was determined. The milk was analyzed 
for lactose, :fat, total nitrogen, non-protein nitrogen and freezing 
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point depression. The determinations were made as soon as possible 
after the samples were obtained, and no preservatives were used. 
All analyses were made in duplicate. 
The per cent of blood sugar and lactose was determined by the 
method of Shaffer and Somogyi (1938); the per cent of blood fat 
by the method of Allen (1934) (1938); and the total nitrogen per-
centage by the official Kjeldahl method. The non-protein nitrogen 
was found by determining the nitrogen of a ]'olin-Wu filtrate by 
the Kjeldahl method. 'l'he freezing point determinations were made 
by using the Hortvet cryoscope by the method described by Eimer 
and Amend (E. and A. Bul. No. :396). 
Presentation of Data. Mille and fat procluct-ion.-Total milk and 
fat production showed a marked increase immediately following 
thyroxine injection in all goats except No. 4:36. 'l'he maximum was 
reached in about six days after thyroxine administ ration (Fig. 15). 
Goat No. 4:36 as previously mentioned, was off feed and did not 
show an increase in milk yield. Goat No. 281 showed an average 
increase of 62 per cent in milk production and a 54.75 per cent in-
crease in total fat production. Goats No. 503 and 846 increased in 
milk yield 49 and 98 per cent, respectively. 'l'he fat yield also in-
creased on the average of 51 and 87 per cent in the order named. 
The increase of milk and fat production was quite striking. How-
ever, the goats were at a very low level of production so that any 
metabolic stimulation would probably result in a large response. 
Also large doses of thyroxine ( 12 mg.) were administered. 
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Fig. 15.-The effect of thyroxine on daily 
milk and fat yields of goats. 
• 8 mg. of thyroxine 
t 4 mg. of thyroxine 
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Fig. 16.-Effect of thyroxine on osmotic 
pressure of blood serum and milk. 
* 8 mg. of thyroxine 
t 4 mg. of thyroxine 
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Osmotic press?tr.e of blood serum and m1:lk.-Because of the reports 
of an increase in blood volume during thyroxine injection, it was of 
interest to note the change, if any, in the osmotic pressure relations. 
The results indicate no marked trend from normal (Fig. 16). How-
ever, the daily fluctuations were quite ·variable. The osmotic 
pressure in atmospheres vvas determined from the freezing point of 
the whole milk and of the blood serum. It was calculated from the 
table of osmotic pressure in atmospheres for depression of the 
freezing point (Mathews, 1923) . 
'l'he freezing point ranged from -.555°0. in goat No. 50:3 to -. 666°C. 
in goat No. 846. The respective osmotic pressures were 6.69 to 8.26 
atmospheres. The osmotic pressure of the blood and milk paralleled 
closely, indicating they were in close osmotic equilibrium. 
Res]Jimtm·y rate and body tcmperatw·e.-Respiration was observed 
to increase in all goats except No. 486 (Pig. 17) . The respiratory 
rate reached its maximum in goats No. 231, 503, and 84() four to eight 
days after injection, at vvhich time probably the metabolic activity 
was the greatest as shown by the heart rate. 'l'he goats showed a 
range from 12 respirations per minute to 140 per minute, which 
would indicate a. marked rise in metabolic activity in response to 
thyroxi11e injections. 'l'he increm;ecl respiration was a result of the 
increased activity of the whole body, which required a greater 
oxygen eonsnmption for eell1netabolism. 
None of the animals showed high llocly t emperatures although 
a slight incl'ease waR notieeable (Fig. 17). Goat 5o:i showed the 
largest range of 10l.7°F. to 1o:3 .2°F. 'fhe fact that the body tempera-
·r 
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Fig. 17.- The daily respiratory rate and 
body temperature of goats given 8 mg . (*) 
and 4 mg. (')) thyroxine. 
Ml~T[r-;c;;::-;c;-~- ----.,.:::-----i~~-::~:: 
90~GO~T~~------------~ro ~ ~:~:! 
70 
:;:; 1'2C 
< 
:c 10:: 
70 ~ ~=~ 80~~~~--------------~,~~ 
12c GOAT 84~,r-------./·\\ 120 
~---\,:~ 
lCD ,. ·;· • 1CO 
0 :< 4 6 I) 10 12 14DAYS 
Fil.". 18.-Daily heart rate and systolic 
blood pressure of goats given 8 mg. (*) and 
4 mg. of ('f) thyroxine. 
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ture remained fairly constant even though it rose slightly dem-
onstrates that the animals were able to dissipate the excess heat 
produced without ill effects. Goat No. 436 showed a rather high 
body temperature throughout the experiment because of her ab-
normal condition. 
Heart rate and systolic bloocl pressure.-The heart rate increased 
in all cases, denoting an increased demand by the tissues for greater 
respiration and also possibly other essential constituents for body 
function. Goats No. 231, 503, and 846 increased on the average of 
24, 16 and 22 beats per minute, respectively CB~ig. 18). The animals 
reached their maximum on the sixth to eighth days, which was 
practically simultaneous with the increase in milk secretion. 'l'he 
higher level of heart rate in these cases may show qualitatively an 
· increase in the rate of metabolism. 
The systolic blood pressure showed a slight increase on the first 
and second days after thyroxine injection. Later considerable 
variation was noted and in some cases even a decline. It is interest-
ing to note that while the heart rate of goat No. 50:3 was very high, 
blood pressure decreased. 'l'he lowered blood pressure may possibly 
be due to the excess rate of blood circulation being carried by the 
vascular system, causing the peripheral circulatory system to dilate 
and allowing slower venous return to the heart. Another factor 
contributing to an increased peripheral circulation is probably a 
tendency to carry the excess body heat being produced to the 
peripheral portion of the body so that it may be eliminated. Goat 
No. 846 showed the greatest response in that her blood pressure 
increased on an average of 12 mm. Hg. 
Blood S1tgar and lactose.-The blood sugar increased markedly im-
mediately after thyroxine administration. Goats No. 231, 436, 503, 
and 846 increased on the average of 15.05, 21.45, 34.36, and 19.93. 
mg. per cent, respectively. The blood sugar reached its maximum on 
the second to fourth days after thyroxine injection (Fig. 19). After 
this period a marked decline was observed which was slightly below 
the normal level. These results would be expected as it is well known 
that body stores of glycogen are quickly converted into blood sugar 
and utilized when emergencies arise. 
The percentage of lactose in goats No. 231, 436, and 503 showed 
a definite rise of 0.98, 1.22 and 0.90 per cent following thyroxine 
injection. The maximum was obtained in four to six days after the 
injection period. They remained high during the rest of the ex-
perimental period. Goat No. 846 showed a slight initial rise and 
then continued at a level comparable to the control period. The rise 
in lactose per cent confirms the work of Folley and White (1936) 
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Fig. 19.-Biood sugar and milk sugar of 
goats administered thyroxine. * 8 mg. of 
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Fig. 20.-Biood fat and milk fat of goats 
injected with thyroxine. 
in which they reported a slight increase in the percentage of milk 
sugar of cows administered thyroxine. 
Blood fat and the per cent of rnilk fat.-The blood fat and blood 
sugar showed a reciprocal relationship. Blood fat decreased 24.6, 
and 13 mg. per cent on the injection of thyroxine in goats No. 231 
and 503 in the order mentioned (Fig. 20). Goat No. 846 showed an 
increase of 22 mg. per cent followed by a drop to her normal level 
by the 4th to 5th days. However, by the 5th to 7th days after the 
goats were injected with thyroxine the blood fat gradually increased 
to the level or slightly above that of the control period. The blood 
fat of goat No. 436 rose continually during the entire experiment. 
The body fat depots are considered to be more stable than car-
bohydrate stores. They are not mobilized until after body stores of 
carbohydrate have been partially depleted and utilized. The rise 
of blood fat during the later portion of the experiment, while the per 
cent of blood sugar is low, would indicate that glycogen stores had 
been depleted somewhat and fat was being mobilized to supply the 
energy for body activity, whether it be for hyperactive tissue or for 
supplying the necessary milk precursors for increased milk pro-
duction. These results coincide with work previously cited in the 
review of literature. 
The total number of pounds of milk fat increased when thyroxine 
was given. However, the reduction in the per cent of fat was con-
trary to work reported by this station and other investigators. The 
per cent of milk fat decreased on the average of 1.21, 5.15, and 0.54 
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in goats No. 231, 436, and 503, respectively; however, goat No. 846 
remained at her normal level (Fig. 20). This decrease in fat per-
centage may be explained in part by the very high increase of milk 
production as a result of the administration of a very large dose of 
thyroxine. 
Blood and milk total n1:trogen.-Total blood nitrogen showed a 
gradual decline in all goats during the entire experimental period. 
Goats No. 231, 503, and 846 decreased on the average of 617.47, 
226.01, and 212.25 mg. per cent in the order named. Goat No. 436, 
which was off feed, showed a decrease of 1221.38 mg. per cent in 
total blood nitrogen (Fig. 21). This would indicate that she was 
deaminizing stored protein and using it for energy. Body protein 
is the most stable of all body depots and is used only after depletion 
of carbohydrate and fat stores. 
The total milk nitrogen followed the total blood nitrogen curve 
but at a reduced level. The total milk nitrogen declined on the 
average of 141.12, 153.76, and 86.95 mg. per cent in goats No. 231, 503, 
and 846, respectively. However, goat No. 436 showed the greatest 
drop of 368.59 mg. per cent of total milk nitrogen. The fact that 
blood and milk total nitrogen follow the same general trend may 
possibly indicate that the level of blood protein markedly affects 
milk protein formation. 
MG MG 9tb."'GO"'A"'J"'"2"""3J---------,~ 
Fig. 21.-Blood and milk total nitrogen of 
goats as influenced by thyroxine administra· 
tion. * 8 mg. of thyroxine. t mg. of 
thyroxine. 
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Fig. 22.-Biood and milk non-protein 
nitrogen of goats as influenced by thyroxine 
administration. 
Blood and milk non-protein nitrogen.-The blood non-protein nitro-
gen showed a greater fluctuation after thyroxine injection than did 
total nitrogen. The blood non-protein nitrogen decreased on the 
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average of 14.28, 17.85, 3.57, and 3.51 mg. per cent in goats No. 231, 
436, 503, and 846 in the order mentioned (Fig. 22). 
The milk non-protein nitrogen followed the same general trend 
as did blood non-protein nitrogen. After the first decline following 
thyroxine injection no further variation of interest was noted. By 
the end of the experiment, goats No. 231, 4:36, 503 and 846 had de-
clined an average of 14.42, 25.13, 23.84, and 13.95 mg. per cent, 
respectively, which on the whole was slightly greater than the blood 
change (Fig. 22). 
Influence of Thyroxine on the Heart Action of Cows and Goats 
As .Shown by the Electro-cardiogram* 
Plan of Experiment.-Prolonged hyperthyroidism has been shown 
by many clinicians to have a deleterious effect on heart activity. 
Willus et al. (1923) reported that auricular fibrillation occurred in 
8 to 10 per cent of the hyperthyroid cases. Levine (1937) reported 
that hyperthyroidism produced definite palpitation, tachycardia, 
arrythmia and finally auricular fibrillation of the heart. Sturgis 
(1926) observed that thyrotoxicosis may lead to angina pectoris, 
but may be relieved by thyroidectomy. In the light of the above 
facts it was of interest to note changes in heart activity, if any, 
when thyroxine was given to animals in varying dosages. 'l'he heart 
changes were taken with a portable hospital oscillograph electro-
cardiograph (Sandburn-Cardiette). 
Electro-cardiograms were taken of all animals before the injection 
of thyroxine to establish the normal heart pattern. Cows No. 427 
and 685 were administered 15 mg. of the mono-sodium salt of 
thyroxine daily for three successive days. The thyroxine solution 
was prepared and injected as in the previous experiment. Electro-
cardiograms were then taken at varying intervals after the injection 
of thyroxine. 
Normal electro-cardiographs were taken of goats No. 445, 438, 
and 838. Goat No. 445 received continuous injections of the mono-
sodium salt of thyroxine at the rate of 0.5, 1.0, and 2.0 mg. daily 
for 36 days (Table 18). Goats No. 438 and 828 received 6 mg. of 
thyroxine in one single injection, after which electro-cardiographic 
changes were noted after four days. 
Daily milk yield and pulse rates were taken each night and morn-
ing on all animals. Body temperature was taken daily on each goat. 
Presentation of Data.-Electro-cardiogra.ph of cows.-Electro-car-
diographic changes of the heart activity of cows No. 427 and 685 did 
not show any marked deviation from normal when thyroxine was 
*Data obtained with the cooperation of Dr. M. M. Ellis and Cornealia Ellis of the Physiology 
Department, University of Missouri. 
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TABLE 18.-ELECTRO-CARDIOGRAPHIC CHANGES IN LEAD II OF COW No. 427 
INJECTED WITH THYROXINE 
Treatment 
D"te of Treatment 
Date of electro-
cardiograph . . • , • .. 
Averal{e daily milk 
yield (lbs.) : 
(a) before injection 
(b) after injection 
Average daily pulse 
rate (beats per min.) 
Electro-cardiograph 
analysis: 
P-R ............ . 
p ............... . 
R .............. .. 
s ........ .. .... .. 
S-T ............ . 
T ..... . ........ .. 
Normal 
3-17-39 
11.2 
60 
0.24 sec. 
+1.5 mm. 
splintered 
0.42 sec. 
diphasic 
<+2) (-2) mm. 
Thyroxine 
2-18/10/20-39 
3-29-39 
11.2 
12.4 
58 
0.23 sec. 
+1.5 mm. 
splintered 
0.42 sec. 
diphasic 
<+2) (-2) mm. 
Thyroxine 
4·6/ 7/ 8-39 
4-14-39 
9.16 
12.6 
65 
0.24 sec. 
+1.5 mm. 
low-splintered 
0.40 sec. 
diphasic 
(+2.74) (-2) mm. 
Thyroxine 
4-20/ 21/22-39 
4-26-39 
9.4 
11.6 
90 
0.21 sec. 
+0.30 mm. 
low-splintered 
o.io ·s~c: 
diphasic 
<+1.5) (-1) mm. 
TABLE 19.-ELEJCTRO-CA.R.DIOGRAPHIC CHANGES IN LEAD II OF Cow No. 685 
INJECTED WITH THYROXINE 
Treatment Normal Thyroxine Thyroxine Thyroxine 
Date of treatment* 3-18/19/20-39 4-6/7/8-39 4-20/ 21/22-39 
Date of electro-
cardiograph ••..••• 3-17-39 3·29-39 4-14-39 4-26-39 
Average daily milk 
y ield (lbs.): 
(a) before injection 20.6 20.6 19.6 15.2 (b) after injection 20.0 19.4 21-1 
Average daily pulse 
rate (beats/ min.) .. 75 75 78 80 
Electro-cardiograph 
analysis : 
P-R .. .. ......... . 0.25 sec . 0.25 sec. 0.26 sec. 0.22 sec. p 
...... . .. . . . .... +I.S mm +!.75 mm. +2.00 mm. +1.5 mm . 
R ..... . . . . .. ..... splintered splintered splintered notched 
s . .... .. ......... slurred slurred slurred slurred 
T ... .. .. ........ . -3.5 mm • -6.5 mm. -6.5 mm. -4.0 mm. 
*15 mg. of mono-sodium salt of thyroxine injected subcutaneously daily. 
administered (Tables 18 and 19; Figs. 23 and 24). The electro-cardio-
grams of the cows were quite different from those of the human. 
The conduction time of the P-R and S-T intervals was prolonged, 
which would be expected as the cow heart is much larger (Figs. 24 
and 25). The T wave in Lead II was inverted in the cow as compared 
to the upright position in the human. Cows administered thyroxine 
showed an increased force of beat as shown by an increase in the 
amplitude of the P and T waves in Lead II (Fig. 24). The P wave 
indicates the spread of the excitation or impulse from the sino-auri-
cular node over the auricle. The T wave is related to the functional 
state of activity at the base of the ventricle. 
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EJ,ECTRO - CAI~ llTOCRAI'H OF COW GX5 I NJECTgD WITH THYHOXTNE 
Fig. 23.-Load IJ. Norm al Electro-cardiograph of Cow No. 685. 3-17-39. 
Fig. 2-L-l~L·ad II. El ectro-can1i ograph nf Cnw Nn. 685 nitlC dny s after :tdministration of 
15 mg-. of thyroxine per day ftJr three successive days . 3-29-39. 
Fig. 25.-Lcad II. Electro-cardiograph of Cow No. 685 six days after inj ection of 15 mg. 
of thyroxine per day for three successive clays . 4·26 ·39. 
T ABLE 20.- ELECTRO-CARDIOGRA PHIC CHANGES IN L EAD II OF G oAT No. 445 
l NJEC'fED WITH THYROXINE 
Treatment Normal Normal Normal Thyroxine Thyroxine Thyroxine 
-----·-------·· -·- ---
Date of treatment ... *4·1 -14-39 t4- ! 5-26-39 ~5- 1-5- 39 
Date of electro· 
cardiograph .. ... • 2·17-39 3-17·39 3-29-39 4-14-39 4-26-39 5·5 ·39 
Average dajly milk 
3.56 3.59 yield (lbs .) ..... .. 4.11 3.72 
Average daily pulse 
rate (beat/min.) . . 134 146 139 140 
Daily body tempera· 
ture (°F.) . . . . . .. 99.8 103 .9 103.3 102.8 
Elect ro-cardiograph 
analysis : 
P-R 
···· ··· ···· ·· · 
. 08·0.1 sec. 0.1 sec. 0.1 sec. 0.09·0.1 sec. 0.12 sec. 0.12 sec. p 
··· ··········· ·· 
+0.3 mm. +0.2 mm. +0.2 mm. +O.S mm. +O.S mm . +0.5 mm. 
Q 
··· ······ ····· ·· 
present present - 1.5 - 1.8 -2.0 - 2.0 
R 
····· ······· ···· 
upright upright upright upright upright upright 
s 
···· ······ ···· ·· 
slurred slurred slurred slurred slurred slur red 
T . . .... . .. . .• . • •• +3.7 mm. +3.8mm. +3.0 mm. +O.S-1.5 mm. +J.S mm. 0-1.0 mm. 
*1 mg. per day (1st to 12th) ; 2 mg. on the 13th and 14th. 
tO.S mg. per day (15th to 26th) . 
tl.O mg. per day (1st to 4th); 2 mg. on the 5th and 6th. 
48 MISSOURI AGRICULTURAL EXP ERIMENT STATION 
Elect1·o-cardiogmph of goats.-Goat No. 445 was given continuous 
doses of 0.5, 1.0 and 2.0 mg. of thyroxine daily. She showed a definite 
change in heart activity ('!.'able 20, Figs. 26, 27, and 28) . The goat 
Fig. 26.-Lead L Normal clectro-ca!·JiogrJph of goat No. 445. 3<29-39. 
Fig. 27 .-I-{cad II Normal electro-cardiograph c f goat No. 445 . 
3-29-39. 
F ig. 28.- Lead I. Electro-cardiograph of goat No. 445 after continuous inj ection of 
thyrox ine for 14 days. 4-14-39. 
electro-cardiograph closely resembles that of the human. Thyroxine 
administration caused a definite increase in the amplitude of the P 
and Q waves in Lead II (Fig. 29). The T wave in Leads I and II 
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Fig. 29.-Lcad TT. Elcctro-canlir"IJ.:~Taph nf goat N o. ·H5 after 14 days of cnntinuuus thyroxine 
administratiun. Note the very small T \\'ave and the large R wave. 4-1 4-39. 
Fig . .10.--I~l~atl I. nlL"ctr(l·canliog-raph of g-oat N o. ·t·tS. J(i days a fter continuous 
inj(~ction of thyroxine. NCJt.c the diminished amplitude nf all the wave~ . 5-5-39. 
decreased markedly, indicating damage to th e ventricular muscles 
(Figs. 27 and 28). 'l'he ampl it.ude of all waves in Lead I was greatly 
reduced, also demonstrating damage (B'ig. :30). The lessened ampli-
tude of the waves showed a diminished f orce of heart; theref ore, a 
smaller output per beat. Wright (10:37 ) cited Goodal, ;,vho stated 
that from an analysis of numerous records found that any ab-
normality of the '1.' wave in either form, direction or r eaction to exer-
cise in J..Jeacls I and II is evidence of serious cardiac damage, is of 
grave significance and is particularly liable to be associated with 
sudden and unexpected death. 'l'he P-R intervals were slightly pro-
longed after thyroxine injection, which may or may not be of 
importance. 
Goats No. 438 and 838 were administered a single dose of 6 mg. 
of thyroxine. The electro-cardiographic changes showed no sig-
nificant deviation from their normals. 
These results are few in number but they are rather definite. How-
ever, further observations extending over a long period of time are 
needed before precise conclusions can be formulated. 
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Fig. 31.-Lead II. Electro·cardiogTaph of goat No. 445, after recerv1ng continuous 
injections of thyroxine for 36 days. Note the small T wave, in some cases almost 
obliterated, the R wave is increased in amplitude as contpared to the normal. 5·5-39. 
Discussion of Experimental Data.-'rhe stimulation of milk secre-
tion in animals by thyroid administration has not been fully ex-
plained. Thyroidectomy has been shown to decrease normal metabolic 
activity and productive processes. Graham (1934) and others 
have demonstrated that animals thyroidectomized decrease in milk 
production. Numerous investigators have shown that thyroid ad-
ministration to animals will increase productive processes providing 
excessive amounts are not administered. Graham (19:34) stated that 
thyroxine increased the general metabolic activity of the body to-
gether with an increase in the amount of circulating blood, which 
probably accounts for the increased milk production. Folley and 
White (1936), however, postulated that the increased milk produc-
tion was due to an increased secretion of the lactogenic hormone 
of the pituitary gland. 
In the light of the results presented and other work, the hypothesis 
of Graham's seems more probable. Thyroxine injected in proper 
quantities is definitely known to increase the general metabolic 
level (Grafe, 1895). The vital organs (heart, spleen, liver, etc.) have 
been demonstrated to hypertrophy possibly due to the increased 
amount of work they must perform when under heavy stimulation 
(Cameron and Carmichael, 1922, 1924). As a general rule the heart 
rate increased in animals injected with thyroxine. However, in these 
data in some instances the rate did not increase, but this does not 
necessarily imply that the amount of circulating blood did not in-
crease. The heart may have a greater output of blood per beat due to 
the more completely filled chambers and because of a greater venous 
return. The fact that the height of the P, R and T waves of the 
electro-cardiograph was increased demonstrates that the force of 
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the heart muscle was greater and therefore a greater output and 
force per beat. The systolic blood pressure increased in some cases, 
which would infer that the blood is flowing with greater force to all 
parts of the body. It would be expected that more blood would flow 
through the udder. As the whole body would be in a very high state 
of activity, the mammary gland tissue would probably be very 
sensitive to the increased metabolism. Therefore, one might expect 
a marked response in the productive ability of the mammary gland. 
There is no doubt a physiological limit of the secretory cells above 
which they cannot operate at an optimum condition for a long period 
of time. Also possibly all endocrine glands are stimulated to an 
increased rate of activity. 'rherefore, one might expect an increased 
secretion of all hormones stimulating milk secretion. However, at 
certain levels of increased activity no additional augumentation 
would be beneficial. If the metabolism of the entire body is greatly 
accelerated one might expect that the general body cells would 
compete with the udder tissue for nutrients, therefore lowering the 
level of milk precursors and in turn causing a decrease in milk pro-
duction. 
If milk secretion is to occur at an increased rate there must be an 
increase in the amount of milk precursors available for milk 
synthesis. Boothby and Sandiford (192:3) suggested that hyperthy-
roid animals consumed vvhatever food is available at an increased 
rate so that the increased metabolism is maintained not at the ex-
pense of protein alone but of all food constituents ingested. Hewitt 
(1915) r eported that hyperthyroid rats consumed greater amounts of 
feed. Althauson and Stockholm (1938 ) reported t}lat the absorption 
of certain carbohydrates from the intestinal tract was increased. 
Hyperthyroid animals should require more food because of the high 
metabolic activity. 
Blood sugar is increased when thyroxine is injected into animals 
until probably the glycogen stores are depleted. The blood sugar 
may then become low, depending on the food intake. These data 
showed at first an increase in blood sugar and then a reduction to 
about the pre-injection level. The lowering of the blood sugar 
possibly implies a greater uptake by all tissues including especially 
the mammary gland. Graham et al. (1937) showed an increase of 
blood sugar with a greater uptake by the mammary gland of cows 
given thyroxine. Brown et al. (1936) reported that lactose formation 
was dependent on the level of blood sugar. When insulin was injected 
the blood sugar was lowered markedly and a subsequent lowering 
of the per cent of lactose was observed. Their results would ·infer 
that the lack of blood sugar reduced lactose synthesis. Although 
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the blood sugar in the present experiment was slightly lower than 
normal, the lactose percentage increased. The principal precursors 
of milk sugar have been shovvn to be glucose and lactic acid (Graham, 
1937; Shaw et al., 1938). 
Graham (1937) showed that the fatty acids of the blood decreased; 
also that the uptake by the mammary gland was larger when cows 
were injected with thyroxine. l\Iaynarcl et al. (1938) showed that 
phospholipid fatty acids or those tied to cholesterol were not pre-
cursors of milk fat. 'l'hey believed that neutral fat was taken up 
and used for milk secretion. Maynard et al. (1987) demonstrated 
that neutral fat was the precursor of milk fat. Shaw and Peterson 
( 1938) reported the (a-v) fat difference, determined by Allen's 
method (1934), was sufficient to account for all the fat used in milk 
production. The literature previously cited indicates that an animal 
injected with thyroxine will decrease in blood fat; the neutral fat de-
creases the most, then fatty acids, cholesterol, cholesterol esters, and 
phospholipids (Boyd, 19:36). This probably indicates an increased 
rate of fat metabolism. If neutral fat is the precursor of milk and 
thyroxine causes a marked decrease and then an increase clue to fat 
mobilization, this may account for the increased fat production of 
cows and goats administered thyroxine. The results presented in 
this experiment showed an increase in blood fat of goats injected 
with thyroxine. 'fhe method of Allen (1934) was used. It determines 
neutral fat, fatty acids, cholesterol esters, and cholesterol. Phos-
pholipids are not a part of the determination. 
Graham et al. (1938) reported that the mammary gland of the goat 
was utilizing globulin, amino acids and undetermined fractions of 
the non-protein-nitrogen protein of the blood. Large amounts of 
nitrogen were returned to the albumin fraction of the venous plasma. 
Shaw and Peterson (1938) reported that amino acids absorbed from 
the blood by the mammary gland could not account for more than 
35 per cent of the milk protein. They also reported that the gland 
absorbs very small amounts of uric acid, creatine and creatinine from 
the blood. Reineke et al. (1939) also showed that the amino acids are 
taken up from the blood by the mammary gland in insufficient 
quantities to account for all the milk protein. Goats injected with 
thyroxine showed the same general trend of total nitrogen for blood 
and milk (Fig. 25). The non-protein-nitrogen curves for blood and 
milk also follow rather closely the same trend, indicating some 
relationship exists between the level in the blood and that in the 
milk. 
Folley and White (1936) reported that. a decrease of milk phos-
phatase occurred even though blood phosphatase increased when 
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thyroxine was injected. '!'hey concluded that the phosphatase of 
milk is synthesized by the gland itself and that it is essential for the 
production of certain constituents of milk by the gland, so that when 
more of the products are being made less of the enzyme is available 
for excretion. 
The ·whole body is operating at an accelerated rate when animals 
are administered thyroxine. An increased food consumption, as-
similation, more circulating blood at a faster rate carrying an in-
creased amount of milk precursors and greater activity of the 
alveolar cells probably accounts for the increased milk production 
obtained from animals given thyroid. 
Turner and Reece (l 937) suggested that the difference between 
high and low producing cows might lie in the difference in the 
productivity of certain endocrine secretions, both the proper amounts 
and the proper balance of the hormones previously mentioned af-
fecting lactation. 'l'urner (1937) suggested that (1) injection of 
one or more hormones of the bovine pit uitary to determine the effect 
they have upon the yield of milk, the extent of the response being 
taken as a measure of the deficiency of these hormones at a definite 
stage of lactation; (2) assay of the blood and urine of cattle for 
the various hormones to determine the level of secretion; and ( :3) 
injection of the hormones of other endoerine glands (such as thy-
roxine, cortin, etc.) to determine their influence on milk secretion, 
might be of value in explaining the mode of milk secretion and its in-
heritance. 
McClendon and Foster (19:38) reported a method for thyroglobulin 
determination in the blood. 'l'his may be of value in determining 
the level of thyroid secretion. It would also be of interest to note the 
relation of the thyroglobulin level in the blood to heart rate and 
the level of milk production. From this relation one might be able 
to determine the amount of thyroxine normally secret ed and the 
amount of thyroxine which could be given in order to produce 
maximum milk production. 
In the present experiment the injection of thyroxine at monthly 
intervals during the second to eighth months of lactation, inclusive, 
showed approximately the same increase in the number of pounds 
of milk. This may imply that the number of secretory cells was 
about the same during this period but their activity was reduced. 
Turner and Reineke (1936) reported that the mammary gland of a 
goat in advanced lactation showed a large proportion of the alveoli 
present but many of them were not secreting. At the end of the 
goat's lactation period the mammary gland was practically in-
voluted. One might conclude that from the seconr1 to eighth months. 
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of lactation, inclusive, cows would give the greatest response to 
thyroxine injection. Thyroxine raises the whole body metabolism. 
If thyroxine was injected during the period just mentioned until 
a maximum amount of milk was secreted and without exceeding the 
animal's limit for heat dissipation or injuring the cardiovascular 
system as shown by the body temperature and the electro-cardi-
ograph, it would indicate the highest rate of activity at which the 
cells of the mammary gland could operate. Then by determining 
the level of various hormones in the blood and urine before and 
after injection of thyroxine, one might be able to use these levels 
as the amount of hormones normally secreted or when at a high 
rate of activity. An animal might normally secrete an ample amount 
of all the hormones for normal milk secretion. However, when 
thyroxine is given the animals the levels of hormones in the blood 
and urine would possibly demonstrate if all hormones were being 
secreted in sufficient amounts for greatest milk production. A low 
level of the hormones in the blood of stimulated animals would 
indicate that the capacity of these endocrine glands was low and 
unable to provide adequate secretion for milk production. Using the 
above method one might expect to determine the capacity of the 
various endocrine glands. 
Another method which might be used to determine the endocrine 
balance of dairy animals is by noting the effect on milk production of 
cows administered various bovine pituitary hormones or hormones 
of other endocrine glands either singly or in combinations. This 
method could also be employed when cows are under the influence 
of thyroxine stimulation. An increase in milk production would 
then imply that the animal was low in that particular hormone. If 
more was normally secreted or injected, milk production could 
possibly be maintained at a higher level. 
The question of ·whether the efficiency of the milk production 
process is affected by thyroid administration is receiving attention. 
Brody (1939) stated that thyroxine is a general metabolic accelerator 
which speeds up the general tempo of life and this speeding up of 
metabolism by thyroid administration possib1y also accelerates 
senescence. Thyroxine may conceivably overstimulate the vital 
organs especially the circulatory system, thereby shortening the 
animal's life, as illustrated by the occurrence of auricular fibrillation 
in hyperthyroid individuals. He stated that "even though thyroid 
administration increases the production level and might increase 
the immediate gross efficiency of milk production; it is not unlikely 
that it might also decrease the long-range gross efficiency by de-
stroying the animal's usefulness prematurely.'' 
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ffi . milk energy Gross e crency = · k · nul · energy + mamtenance energy + other expenses 
However, if a proper balance of the energy cost between main-
tenance and the energy expenditure for milk production at the 
increased level of activity could be established in the animal with 
no deleterious effect, might it not be desirable to supply the animal 
with thyroid or at least try to select animals which would tend to 
meet the above conditions. However, experimental work to date 
has been unable to clearly separate the energy cost of maintenance 
and that for productive purposes. Much additional work must be 
clone before conclusions can be drawn. 
'l'he vital organs of the body do hypertrophy when animals are 
injected ·with thyroxine (Herring, 1917). 'l'he injection of thyroxine 
into cows and goats at the rate used in the present experiment in-
dicates no deleterious effect on the heart. Ho·wever, these experi-
ments were of short duration. Injection of very large doses of 
thyroxine (1-2 mg. per day) to normal goats showed a definite heart 
damage as shown by the electro-cardiogram (Fig. 27). Goats given 
one single large dose of thyroxine showed no deviation from normal. 
Further work is necessary before final conclusions can be drawn as 
to the practical administration of thyroxine to increase milk pro-
duction. 
Buchanan-Smith and Robison (1931) reported that the productive 
life of English dairy cattle was about 3.5 years and the annual 
replacement figure was roughly 29 per cent due to various diseases 
and poor milk yields. Kay (19:37) stated that the milking life 
of British dairy cows was under 4 years of age. Lush and Lacy 
(1932) reported the productive life of dairy cows in cow testing 
associations of Iowa was an average of 3.5 years. The above indicates 
the productive life of the dairy cow is low and that very few die 
from old age but usually from diseases or because of low milk yields. 
Turner (1939) suggested that the long-range efficiency of dairy 
animals, living at a high rate of body activity, might not be of great 
consequence; if milk production could be increased to its maximum 
level for the milking life of the dairy cow the total life milk produc-
tion of an animal would possibly be increased considerably. 
SUMMARY AND CONCLUSIONS 
Eighteen cows (Jerseys 10, Guernseys 2, Holsteins 6) received a 
total of 90 injections of thyroxine at monthly intervals during all 
stages of their lactation periods. The hormone was injected sub-
cutaneously in alkaline solution at the rate of 15 mg. per day for 
three successive days during each month. This treatment caused 
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an average increase in milk yield of 13.6 per cent, increased the 
total pounds of fat 22.5 per cent, the percentage of fat 4.75 per cent, 
and slightly increased the per cent of solids-not-fat. Milk and fat 
production reached its maximum six to eight days after the initiation 
of the injections. Milk and fat production then gradually returned to 
its normal level by the 12th to 14th days. The individual cows 
showed a marked variation in response to thyroxine injections. 
The pulse rate increased an average of 7.64 beats per minute while 
body temperature remained within normal limits. The rise of pulse 
rate paralleled the increase of milk yield closely. 
The response to thyroxine injection at the peak of lactation was 
smaller than that during the declining phase of lactation. From the 
second to eighth months, inclusive, the actual increase in pounds 
of milk produced was about the same (2.80 to 4.06). Following the 
eighth month of lactation the response diminished gradually to the 
end of lactation (3.08 to 1.28 pounds). The variation in response 
over the period of lactation may possibly be due to (1) a rise and 
fall of the activity of the endocrine glands affecting lactation; (2) 
the rise and decline in the number and activity of the secretory 
cells of the mammary glands; and (3) competition of the general 
body tissue with that of the mammary gland tissue for nutrients. 
A seasonal response to thyroxine injection was noticeable. A 
smaller response was observed during the months of April and Oc-
tober than during other months of the year. Whether the smaller 
response obtained at these seasons of the year is due to the green 
grass consumed or whether it actually is a temperature (seasonal) 
effect has not been determined. 
Cows at high production levels showed a greater increase in actual 
pounds of milk and fat but a smaller percentage increase than cows 
at a low level of production following thyroxine administration. 
Preliminary work with the electro-cardiograph of two cows which 
received 15 mg. of thyroxine daily for three successive days showed 
no indication of heart damage. However, the amplitude of the waves 
and the frequency of the heart beat was increased, which indicates 
an increased heart output. 
The administration of 1 mg. per day of the mono-sodium salt of 
thyroxine to thyroidectomized goats caused a heart rate, milk and 
fat yield resembling that of a normal goat. The approximate thy-
roxine requirement for the goat is slightly less than 1 mg. per day. 
Thyroxine, given in doses ranging from 2 to 10 mg. per day for 
periods of 10 to three days, respectively, to goats showed a marked 
increase in heart rate, milk and fat production. Milk and fat yield 
may be maintained at higher levels than normal during the declining 
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phase of lactation if adequate amounts of thyroxine are administered. Small doses (1-2 mg. per day) for long periods (10 to 15 days) were 
as effective as large doses of thyroxine (5-10 mg. per day) for short periods (3 days) in causing an increase of milk and fat production. 
Goats well advanced in lactation received 12 mg. of thyroxine 
subcutaneously. They increased in daily milk and fat yield, average 69.6 and 62.3 per cent, respectively. The osmotic pressure of the blood serum and milk showed no significant change. Blood sugar 
and fat exhibited a reciprocal relationship. Blood sugar increased during the first part of the experiment while blood fat decreased. During the latter portion of the experiment the opposite trend was 
noted. The percentage of lactose increased while the percentage of 
milk fat declined throughout the experiment. Total nitrogen and 
non-protein nitrogen declined slightly both in blood and milk during 
the entire experimental period. 
There was a definite increase of respiratory rate with a slight increase of body temperature. Heart rate increased markedly. Systolic blood pressure increased slightly except in cases where 
very high heart rate was observed. 
Preliminary work with the electro-cardiograph of a goat receiving 
continuous injections of thyroxine (1-2 mg. per day) for a period of 
two weeks showed definite heart damage. Two goats each receiving 
a single dose of thyroxine (6 mg. ) showed no marked deviation from 
normal. This study has been of short duration; therefore, before definite conclusions can be drawn as to the effect of thyroxine on heart activity much work must be done. This study is being con-
tinued. 
In the light of the experimental work presented and other work 
reported, a tentative explanation of the increase in milk production following thyroxine injection may be formulated. There possibly is an increase in the rate of metabolism, food consumption and 
assimilation, more and faster circulating blood carrying an increased 
amount of milk precursors and greater activity of the alveolar cells, 
all of these factors contributing to an increased milk secretion. 
58 MrssouRI AGRICULTURAL ExPERIMENT STATION 
Part II* 
EXPERIMENTAL PROCEDURE AND DATA 
Milk and Fat Production of Dairy Cattle as Influenced by Thyroxine 
(Data obtained at the Mississippi Agricultural Expt. Station) 
Plan of Investigation.-During the previous five years a number 
of experiments have shown that subcutaneous injections of thyroxine 
produced an increase in milk and fat yield. Most of these experi- · 
ments were of short duration. 
'rhe object of this experiment was to make a further study of the 
influence of subcutaneous injections of thyroxine on milk and fat 
production of dairy cows during a greater portion of the lactation 
period and to study the influence of thyroxine injection upon the 
milk and fat production in relation to seasonal response and under 
climatic and nutritional conditions typical of the South. 
Four Ayrshire and six Jersey females were used in this experi-
ment. The cows varied from six years and five months to 12 years 
and one month of age at the beginning of the experiment. One 
Ayrshire and one Jersey had been in milk four and one-half months 
at the time of starting the experiment and the other eight cows had 
been in milk from six to nine weeks. 'rhe cows were injected with 
1 mg. of thyroxine per 100 pounds of body weight for six consecutive 
days in each period. The experiment was divided into nine periods 
consisting of 28 clays each. The cows were weighed on three con-
secutive days each week in order to determine the average body 
weight. 
The cows were allowed the run of pasture during the duration of 
the experiment. The pasture grasses were dry from the beginning 
(September 15, 1938) until early March when a small amount of 
green grass was available for the cows. Fair grazing was afforded 
the cows during the latter half of March and excellent grazing was 
available during April and May. The cows were fed 30 pounds of 
sorghum silage and10 pounds of hay daily. 'l'he hays fed were mostly 
Johnson grass and a mixture of oats, wheat and hairy vetch. The 
concentrates were fed at a fairly uniform level during the experi-
ment. Very few feed changes were made until April when the cows 
were grazing excellent pasture. 
The cows were milked twice daily by hand. Two day composite 
samples were obtained throughout the duration of the experiment. 
Fat, solids-not-fat, and total solids were determined. The percentage 
*The data presented in Part II formed part of a thesis presented by W. C. Cowsert in 
partial fulfillment of the requirements for the Degree of Master of Arts in the Graduate School 
of the University of Missouri, 1939. 
TABLE 21.-DESCRIPTION OF Cows INJECTED WITH THYROXINE AND THYROXINE INJECTED 
Period (28 days) 
2 3 4 5 6 7 8 Age Calving Mg. thyroxine injected daily for 6 consecutive days of each period. Injected beginning: Cow Breed Yrs. 1\fos. Date 9·22·38 10-20-38 11-17-38 12-15-38 1-12-39 2-9-39 3-9-39 4-6-39 
Bl\fD Ayrshire 6 5 5- 2-38 10.0 10.0 10.0 10.0 9.5 9.5 10.0 9.5 Pl\fD Ayrshire 9 I 7-31-38 11.0 11.0 10.5 10.0 10.5 10.5 10.5 Dry PMK Ayrshire 7 10 7-16-38 10.0 10.0 10.0 9.0 9.5 10.5 10.0 9.0 *RMDP Aryshire 6 3 7- 5-38 11.0 11.5 11.0 10.5 10.5 11.0 10.5 10.5 OLE Jersey 10 9 5- 4-38 8.0 9.0 8.5 8.0 8.0 8.5 8.0 8.0 RLP Jersey 6 4 7- 3-38 8.0 8.0 8.0 8.0 7.5 8.0 7.5 Died POD Jersey 12 1 9-11 -38 ... 10.0 9.0 8.0 8.0 8.5 8.0 8.0 ROA Jersey 8 0 9- 8-38 ... 9.0 8.0 8.0 7.5 8.0 7.5 7.5 OD Jersey 10 10 10·15-38 ... ... . .. 8.5 8.5 8.5 8.0 7.5 OEA Jersey 10 8 10-12-38 9.0 8.5 8.5 8.5 8.0 Average daily injection (mg.) . ............ . . 9.67 9.82 9.38 8.90 8.80 9.15 8.85 8.50 Average daily injection ....... ... ... ....... . 9.1 mg. 
• Aborted 1-30-39. 
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of fat was secured by the Babcock method; solids-not-fat and total 
solids by the use of the Quevanne lactometer. 
The pulse rates were taken at night just before milking. The pulse 
was counted by feeling the posterior tibial artery on the medial sur-
face of the tibia at a point eight or ten inches above the hock. 
The cows used in this experiment were in good physical condition 
at the start and all had gone through a normal gestation and were 
lactating normally before being placed on the experiment. 
The seven days previous to injection are considered as the control 
period in this experiment. 
Nine and one-tenth mg. of thyroxine were injected for six con-
secutive clays during each of the nine experimental periods of 28 
days duration (Table 21). Injections were made subcutaneously in 
the neck region, alternating sides and places of injection from day 
to day. The thyroxine used vvas obtained from the British Drug 
House, London. It was dissolved in a slightly alkaline solution (with 
0.1 N NaOH), then precipitated by bringing the solution to the 
isoelectric point with 0.1 N HCl. 
Presentation of Data. JJhlk production.-The results obtained in 
this experiment confirm the work of other investigators in showing 
that a marked increase in milk production can be obtained by ad-
ministering thyroxine. The cows produced an average of 16.45 
pounds of milk daily during the control period of seven days and 
during the four days following thyroxine injection, an average 
production of 19.35 pounds, an increase of 2.90 pounds of milk, or 
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17.63 per cent. The milk product'ion for the four highest days was 
19.50 pounds an increase of 3.05 pounds or 18.54 per cent above the 
control period. The response in milk secretion began on the day 
injections were started and continued above preinjection levels for 
six clays after the last injection or 12 clays after the first injection. 
There was a gradual decline in milk production (Fig. 32) to a point 
slightly below the preinjection levels. 
There was a substantial increase in milk production when the 
cows were turned on spring pasture (Fig. 33), and a further increase 
following the thyroxine injections. This increase was similar to 
previous responses when the cows were being barn fed and injected 
with thyroxine. 
There was a considerable variation in the response of individual 
cows in milk yield from period to period (Table 22). In a majority 
of the cases there was a substantial increase in milk production. 
However, in a few instances there was a decrease in milk production 
following thyroxine injections. This decrease in milk production was 
very noticeable in the case of R.M.D.P. that aborted January 30 
(Table 22). The milk yield decreased an average of 1.00 pound dur-
ing the four days following injections and a gradual decrease in 
milk yield was evident until the next experimental period, at which 
time the average daily milk yield was reduced to about one-half of 
the previous level. During the three remaining periods she responded 
to the thyroxine injections with an increase in milk yield in each 
instance. 
P.M.D., another Ayrshire cow, was nearing the latter stages of 
lactation at the time of the last two injections of thyroxine. The milk 
yield declined very rapidly and the cow was dry within a few days 
after the last series of thyroxine injections. 
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T ABLE 22.-A VERAGE DAILY MILK P RODUCTION OF Cows BEFORE AND AFTER 
THYROXINE INJECTION 
-··--- ---
Daily Milk Yield (lbs.) Daily Milk Yield (lbs.) 
Before After Before After 
Injec· Injec· Differ- % Injec- Injec- Differ- % 
Cow Period tion tion cnce Increase Cow Period tion tion ence Increase 
BMD Sept. 19.63 19.67 0.04 0.20 RLP Sept. 25.75 28.68 2.93 11.38 
Oct. 11.45 13.20 1.75 15.28 Oct. 18.68 22.83 4.15 22.22 
Nov. 9.13 11.70 2.57 28.15 Nov. 1$ .48 20.43 1.95 10.55 
Dec. 9.00 11.43 2.43 27.00 Dec. 13. 50 17.35 3. 7 5 27.78 
Jan. 7.53 7.78 0.25 3.32 Jan. 12.43 14.25 1.82 14.64 
Feb. 6.95 7.65 0.70 10.07 F eb. 8.55 8.88 0 ,33 3.86 
Mar. 4.35 5.88 1.53 35.17 Mar. 3.90 1.00 -2.90 - 74.36 
Apr. 4.88 6.18 1.30 26.64 Avg. 14.47 16.19 1.72 11.89 
May 4.1 0 5.00 0.90 21.95 PO D Oct. 26.35 29.88 3.53 13.40 
A.vg. 8. 56 9.8.1 1.27 14.84 Nov. 23.55 25.85 2.30 9.77 
PMD Sept. 37.00 38.-1-3 1.43 3.86 Dec. 18.00 22.7 5 4.7 5 26.39 
Oct. 26.53 32.35 5.82 21.94 .Tan. 16.43 19.13 2.70 16.43 
Nov. 24.03 27.75 3.72 15.48 Feb. 14.05 16.00 1.95 13.88 
Dec. ~ 20.2 5 25 .78 5.5.1 27 . . 11 Mar. 1.1. 15 16.35 3.20 24.33 
-~,~~~~·. 20.85 21.88 1.0.1 4.94 Apr. 16.13 2 1. ~.1 5.70 35.34 11.i5 11.25 -0.50 - 4.2.6 May 21.03 20.78 --0.25 -1.19 
]\.Jar. 2.30 0.9 .1 -1..17 -59.56 A vi.\'. 18.59 21.57 2.98 16.03 
A VI.\'. 20.39 22.62 2.24 10.99 ROA Oct. 27.23 29.00 1.76 6.46 
PMK Sept. 30 .. 1~ .14.1 11 3.72 12.24 Nov. 23.60 24.23 0.6.1 2.67 
Oct. 21.83 23. R8 2.05 9.39 flee. 18.98 24.35 5 .. 17 28.29 
Nov. 19.68 21 .6 .1 1.95 9.91 Jan. 18.58 20.75 2.17 11.68 
])ec. 17.70 2 3.50 .1.80 32.77 Feb . 15.55 17.25 1.70 10.93 
.Tan. 20.SR 21.15 0.27 1.29 Mnr. 14.05 18.13 4.08 29.04 
Feb. 1o.OO 20.1.1 4.1.1 2.1.81 Apr. 19.00 18.62 - 0. 38 -2.00 
Mar. 14.4.1 20.1 .1 5.70 .19.50 May 20.5.1 21.48 0.95 4.63 
Apr. 17.50 22.75 5.25 .10.00 Avg. 19.69 21.7.1 2.04 10.36 
May 21.40 25 .90 4.50 21.0,1 OD Dec. 22.75 24. 1.1 1..18 6.07 
Avg. 19.98 23.69 .1.71 18.57 Jan. 19.88 19.25 -0.6.1 - .1.17 
Rl\IDP Sept. 2r..oo 29.20 .uo 12.31 F eb. 14.68 1 7.9.1 3.25 22.14 
Oct. 19.78 2.,,58 .1.80 19.21 MaL 1.1.75 16.45 2.70 19.64 
Nov. 18.05 22.20 4.1.1 2.1.99 .".pr. 18.30 18.28 - 0.03 -0.11 
lJec. 1.1.5.1 19.08 3..15 22.86 May 19.50 21.48 1.98 10.15 
J:m. 1.1.1-\8 17.1 8 .1 . .10 2~.73 Avg. 18.14 19.59 1.45 7.99 
Feb. 1.1.50 12.5 0 -1.00 -7.41 O E A llec. 24.88 28.7.1 3.87 11.56 
1\'l'al'. ri.SS 7.00 0.42 6 . .18 Jan. 2.1.88 24.28 0.40 1.68 
Apr. 6.23 7 . . 10 1.07 17.17 Feb. 20.50 20.63 0.1.1 0.63 
May 4 . .18 o.:w 1.92 4.1. 8.1 Mar. 18.13 20 .. 15 2.22 12.24 
Avg. 1.1.77 16.04 2.27 16. 49 Apr. 20.00 22.6.1 2.6.1 13.15 OLE S<·pt. JR.75 21. 18 2.43 12. 96 May 23. 98 25.50 1.fi0 17. 70 
Oct. 16.15 18 . .1 .1 2.18 1.1.50 Avg. 21.90 2.1.69 1.79 8.17 
Nov. 12.65 15.5R 2.9.1 2.1. 16 
Dec. 10.75 16.85 6.10 5(,.75 
.T:ttl . 11.7R 14.25 2.47 20.97 
Fe h. 10.45 1.1.1 8 2.7.1 26.12 
M-ar. 9.45 12.00 2.55 26.9R 
Apr. 12.10 14. 50 2.40 19.8.1 
May 14 .. 1.> 17.55 3.22 22. 47 
Avg-. 12.9.1 15.94 .1.01 2.1.28 
--------------· 
Cow 
BMD 
PMD 
PMK 
RMDP 
OLE 
RLP 
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Fat percentage.-The average per cent of fat for all cows during 
the seven day control period was 4.6. The per cent of fat in the milk 
during the first four days after injections was 4.8 or an increase 
of 4.3 per cent. The greatest per cent increase in the percentage of 
fat was not reached until the ninth through the twelfth days after 
thyroxine injections had ceased. 
'l'he highest producing cow showed a greater percentage increase 
in percentage of fat (8.87 per cent) in comparison to 0.54 per cent 
increase in the lowest producer err able 23). 
TABLE 23.-AVERAGE DAILY FAT PRODUCTION OF COWS BEFORE AND AFTER 
THYROXINE INJECTION 
Period 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
F eb . 
Mar. 
Apr. 
May 
Avg. 
Sept. 
· Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
M ar. 
Avg. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
lvlar. 
Apr. 
May 
Avg. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
M:tr. 
Apr. 
May 
Avg. 
Sept. 
Oct. 
Nov. 
Dec. 
J:l.n. 
Feb. 
Mar. 
Apr. 
May 
Avg. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Avg. 
Before 
Injec· 
tion 
0.710 
0.460 
0.370 
0.355 
0 . . 105 
0.278 
0.158 
0.190 
0.143 
0.330 
1.380 
0.940 
0.938 
0.810 
0.835 
0.465 
0.093 
0.780 
1.210 
0.305 
0.875 
0.788 
0.865 
0.655 
0.613 
0.753 
0.848 
0.824 
1.060 
0.753 
0.770 
0.715 
0.575 
0.590 
0.305 
0.268 
0.155 
0.577 
0.930 
0.825 
0.665 
0.540 
0.570 
0.575 
0.478 
0.630 
0.698 
0.657 
1.290 
0.990 
1.060 
0.780 
0.690 
0.540 
0.263 
0.802 
Daily Fat Yield (lbs.) Daily F at Percentage 
After Before After 
Injec· Differ· % Injec· Injec· Differ· % 
tion ence Increase Cow Period tion tion ence Increase 
0.763 
0.465 
0.515 
0.413 
0.285 
0.303 
0.233 
0.283 
0.165 
0.381 
1.608 
1.213 
1.155 
0.953 
0.898 
0.455 
0.040 
0.903 
1.505 
1.000 
1.028 
0.990 
0.885 
0.795 
0.860 
0.955 
1.020 
1.004 
1.14 
1.053 
1.010 
0.763 
0.785 
0.510 
0.290 
0.295 
. 0.238 
0.676 
1.045 
0.928 
0.818 
0.895 
0.735 
0.6 53 
0.570 
0.728 
0.825 
0.800 
1.663 
1.1 88 
1.215 
1.07 3 
0.850 
0.513 
0.060 
0.937 
0.053 
0.005 
0.145 
0.058 
-0.020 
0.025 
0.075 
0.093 
0.022 
0.051 
0.228 
0.27.1 
0.217 
0.143 
0.063 
-0.010 
-0.053 
0.\23 
0.295 
0.195 
0.153 
0.202 
0.200 
0.140 
0.247 
0.202 
0.172 
0.180 
0.080 
0.300 
0.240 
0.048 
0.210 
-0.080 
-0.015 
0.027 
0.083 
0.099 
0.115 
0.103 
0.153 
0.355 
0.165 
0.078 
0.092 
0.098 
0.127 
0.143 
0.373 
0.198 
0.115 
0.293 
0.160 
-0.027 
-0.203 
0.135 
------------------------
7.34 
1.09 
39.19 
16.34 
-6.56 
8.99 
47.46 
48.95 
15.38 
15.45 
16.52 
29.04 
23.13 
17.65 
7.02 
--3.15 
--56.99 
15.78 
24.38 
24.22 
17.49 
25 .63 
23.12 
21.37 
40.29 
26.83 
20.28 
21.84 
7.54 
39.84 
31.17 
6.71 
36.52 
-13.56 
-4.92 
10.07 
53.55 
17.16 
12.37 
12.48 
23.01 
65.74 
2'8.95 
13.58 
19.25 
15.56 
18.19 
21.40 
28.91 
20.00 
14.62 
37.56 
23.19 
-5.00 
-77.19 
16.83 
BMD 
PMD 
PMK 
RMDP 
OLE 
RLP 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
Avg. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Avg. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
Avg. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
Avg. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
Avg. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Avg. 
3.617 
4. 01 7 
4.053 
3.944 
4.050 
4.000 
3.632 
3.893 
3.488 
3.855 
3.729 
3.543 
3.903 
4.000 
4.005 
3.957 
4.043 
3.883 
3.983 
3.688 
4.446 
4.452 
4.143 
4.094 
4.348 
4.303 
3.96.1 
4.147 
4.077 
.1..807 
4.266 
4.604 
4.143 
4.370 
4.635 
4.302 
3.5.19 
4.194 
4.960 
5.108 
5.257 
5.023 
4.839 
5.502 
5.058 
5.207 
4.871 
5.092 
5.001 
5.300 
5.736 
5.778 
5.551 
6.316 
6.744 
5.775 
3.879 
3.52:1 
4.402 
3.61.1 
3.663 
3.961 
3.96.1 
4.579 
3.300 
3.876 
4.184 
3.750 
4.159 
3.697 
4.104 
4.044 
4.301 
4.034 
4.413 
4.188 
4.753 
4.213 
4.184 
3.949 
4.272 
4. 198 
3.938 
4.234 
3.904 
4.466 
4.550 
3.999 
4.569 
4.080 
4.143 
4.041 
3.778 
4.170 
4.934 
5.063 
5.250 
5.312 
5.158 
4.954 
4.750 
5.021 
4.701 
5.016 
5.798 
5.204 
5.947 
6.220 
5.963 
5.777 
6.000 
5.844 
0.262 
-0.494 
0.349 
-0.331 
-0.387 
-0.039 
0.331 
0.686 
-0.188 
0.021 
0.455 
0.207 
0.256 
-0.303 
0.099 
0.087 
0.258 
0.151 
0.430 
0.500 
0.307 
-0.239 
0.041 
-0.145 
0.024 
0.105 
-0.025 
0.087 
-0.173 
0.659 
0.284 
-0.605 
0.426 
0.290 
-0.492 
-0.26 1 
0.239 
-0.024 
-0.026 
-0.045 
-0.007 
0.289 
0.319 
-0.548 
-0.308 
-0.186 
-0. 170 
-0.076 
0.797 
-0.096 
0.211 
0.442 
0.414 
-0.539 
-0.744 
0.069 
7.24 
-12.30 
8.61 
-8.39 
-9.56 
-0.98 
9.11 
17.62 
-5.39 
0.54 
12.20 
5.84 
6.56 
-7.58 
2.47 
2.20 
6.38 
3.89 
10.80 
13.56 
6.91 
-5.37 
0.99 
-3.54 
0.56 
2.44 
-0.63 
2.10 
-4.24 
17.31 
6.66 
-13.14 
10.28 
7.11 
-10.61 
-6.07 
6.75 
-0.57 
-0.52 
-0.88 
-0.13 
5.75 
6.59 
-9.96 
-6.09 
-3 .. 57 
-3.49 
-1.49 
15.94 
1.81 
3.68 
7.65 
7.46 
-8.53 
-11.03 
1.19 
Cow 
POD 
ROA 
OD 
OEA 
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TABLE 23.-AVERAGE DAILY FAT PRODUCTION OF COWS BEFORE AND AFTER 
THYROXINE INJECTION.-Continued. 
Dail y Fat Yield (lbs.) Daily F at Percentage 
Before After Before After 
Differ- Differ- % Injec· Injec- % I njec· Injec-
Period tion t ion ence Increase Cow Period tion tion ence Increase 
- -- · ------··-
Oct. 1.083 1.618 0. 535 49.40 POD Oct. 4.11 0 5.41 5 1.305 31.75 
Nov. 1.130 1.5 38 0.408 36.11 Nov. 4.798 5.950 1. 152 24.01 
Dec. 0 .903 1.298 0.395 43.74 Dec. 5.017 5.705 0.688 13.71 
0.855 1.1 88 0.333 38.95 5.204 6.210 1.006 19.33 Jan. 
Feb. 0.813 0.898 0.085 10.46 
Jan. 
Feb. 5.786 5.613 - 0.173 -2.99 
Mar. 0.638 0.720 0.082 12.85 1\hr. 4.852 4.404 0.448 9.23 
Apr. 0.885 1.158 0.273 30.85 Apr. 5.487 5.305 - 0. 182 - 3.32 
May 1.145 1.1 85 0.040 3.49 May 5.445 5.703 0.258 4.74 
Avg. 0.932 1.200 0.268 28.76 Avg. 5.087 5.538 0.451 8.87 
Oct. 1.210 1.363 0.153 12.64 ROA Oct. 4.444 4.700 0.256 5.76 
Nov. 0.983 1.273 0.290 29.50 Nov. 4.165 5.254 1.089 26.15 
Dec. 0.903 1.193 0.290 32.13 Dec. 4.758 4.899 0.141 2.96 
Jan. 0.895 1.088 0.19.1 21.56 ~~!,: 4.817 5.24.1 0.426 8.84 Feb. 0.730 0.850 0.120 16.44 4.695 4.928 0.233 4.96 
Mar. 0.663 0.8.15 0.172 25.94 Mar. 4.719 4.606 - 0. 139 - 2.39 
Apr. 0.865 0.915 0.050 5.78 Apr. 4.553 4.914 0.361 7.93 
May 1.078 1.118 0.040 3.71 May 5.251 5.205 0.046 0.88 
Avg. 0.916 1.079 0.163 17.80 Avg. 4.675 4.969 0.294 6.29 
Dec. 1.1 60 1.230 0.070 6.03 OD Dec. 5.099 5.097 - 0.002 - 0.04 
Jan. 1.013 1.1 48 0.135 1.1.33 Jan. 5.096 5.964 0.868 17.03 
Feb. 0.703 0.925 0.222 31.58 Feb. 4.789 5.159 0. 370 7.72 
Mar. 0.660 0.8 1.1 0.153 23.1 8 Mar. 4.800 4.942 0.142 2.96 
Apr. 0.880 0.995 0.115 13.07 Apr. 4.809 5.443 0.634 13.18 
May 0.995 1.1 38 0.14.1 14 . . 17 May 5.103 5.298 0. 195 3.82 
Avg. 0.902 1.042 0.140 15.52 Avg. 4.949 5.317 0.368 7.44 
Dec. 1.095 1.440 0.345 31.51 OEA Tlec. 4.401 5.009 0.608 13.82 
Jan. 1.085 1.370 0.285 26.27 Jan. 4.544 5.643 1.099 24.19 
Feb. 0.915 0.938 0.02.1 2.51 Feb. 4.463 4.547 0.084 1.88 
Mar. 0.875 0.990 0.115 1.1.14 Mar. 4.826 4.865 0.039 0.81 
Apr. 0.990 1.085 0.095 9.60 Apr. 4.950 4.795 - 0. 155 - 3.13 
May 1.040 1.250 0.210 20.19 May 4.337 4.902 0.565 
Avg. 1.000 1.1 79 0.179 17.90 Avg. 4.587 4.960 0. 373 
The greatest response in per cent of fat, 0.606 or 13.64 per cent 
increase over the control period, was observed in November and the 
least, -0.259, or -5.36 per cent decrease occurred in March. 
There was quite a variation in the per cent of fat before and after 
injection. The response varying from 0.867 or 19.85 per cent in 
period 3 to -0.282 or -5.74 per cent decrease in period 10. It appears 
that after the third period the increase in percentage of fat takes 
a downward trend. 
In fat yield the cows produced an average of 0.746 pounds of 
butterfat daily during the control period. 'fhe average fat yield for 
the four days following injection of thyroxine was 0.927 pounds 
per day. The difference, 0.181 pounds, was an increase of 24.26 per 
cent. 
There was a considerable variation in fat yield between the in-
dividual cows. 'f he variation was between 15.45 and 28.76 per cent 
increase (Table 23). 
TotaZ soZids.-The rule that as the solids-not-fat and the fat increase 
there is also an increase in total solids, holds true here. 
The milk before injection contained an average of 1.40 pounds and 
after injection an average of 1.64 pounds, an increase of 0.24 pounds 
13.03 
8.13 
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or 17.14 per cent in total solids (Table 24). There was a slight de-
crease in the per cent of solids-not-fat which was of little significance 
in affecting the production. 
TABLE 24.-A VERAGE DAILY TOTAL SOLIDS PRODUCTION OF Cows B EFORE AND AFTER 
Cow 
BMD 
PMD 
PMK 
RMDP 
OLE 
THYROXINE INJECTION 
Daily Total Solids (lbs.) Daily Total Solids (lbs.) 
Before After Before A fter 
Differ- % Differ· % Injec· Injec· 
Period tion tion ence I ncrease Cow Period 
Injec· 
t ion 
Injec-
tion ence Increase 
Sept. 2.240 2.360 0.120 5.36 RLP Sept. 3.370 4.255 0.885 26.26 
Oct. 1.385 1.493 0.1 08 7.80 Oct. 2.648 3.1 90 0. 542 20.47 
Nov. 1.113 1.435 0.322 28.93 Nov. 2.673 2.993 0.320 11.97 
Dec. 1.093 1.350 0.257 23. 51 Dec. 1.953 2.49 .1 0. 540 27.65 
Jan. 0.960 0.943 - ().()]7 -1.77 Jan. 1.748 2.095 0 . .147 19.85 
Feb. 0.868 0.918 0.050 5.76 F eb. 1.298 1. .123 0.025 1.93 
Mar. 0.500 0.718 0.218 43.60 Mar . 0. 580 0.145 - 0.435 - 75.00 
Apr. 0.590 0.760 0.1 70 2 8.81 Avg. 2.039 2.356 0 . .11 7 
May 0.473 0.565 0.092 19.45 POD Oct. 3.308 4.1 38 0.8.10 
Avg. 1.025 1.1 71 0.146 14.24 Nov. 3.123 3. 750 0.627 
Sept. 4.405 4.808 0. 403 9.15 Dec. 2.4.15 3.148 0. 713 
Oct. 3.020 3.803 0.783 25.93 Jan. 2.298 2.9.10 0.632 
Nov. 2.868 3.393 0.525 18 . .1 1 Feb. 2.065 2.358 0.29.1 
Dec. 2.498 3.013 0.515 20.62 Mar. 1.785 2.16 .1 0.3 78 
Jan. 2.730 2.715 -0.015 - 0.55 Apr. 2.323 3.105 0. 782 
Feb. 1.4.18 1.390 0.048 - 3.34 May 3.080 3.08.1 0.00.1 
Mar. 0.290 0.118 -0.172 - 59.31 Avg. 2.552 3.084 0.5 .12 
Avg. 2.464 2.749 0.285 11.57 ROA Oct. .1.528 .3.740 0.212 
Sept. 3.740 4.363 0.623 16.66 Nov. 2.875 3.243 0 . .168 
Oct. 2.580 2.920 0.340 13.18 Dec. 2.485 3.198 0.71.1 
Nov. 2.45.1 2.855 0.402 16 .. 19 J an . 2.490 2.890 0. 400 
Dec. 2.2.10 2.945 0. 715 32.06 Feb. 2. 100 2. 350 0.25 0 
Jan. 2.603 2.678 0.075 2.88 Mar. 1.830 2.438 0.608 
Feb. 2.008 2.438 0.430 21. 41 Apr. 2.443 2.470 0.027 
Mar. 1.810 2.595 0.785 43 .. 17 May 2.883 2.998 0.1 15 
Apr. 2.278 2.9.18 0.660 39.97 A vg. 2.579 2.916 0 . .1.1 7 
May 2.673 3.170 0.497 18. 59 OD Dec. .1. 165 3.223 0.063 
Avg. 2.486 2.988 0.502 20.19 Jan. 2.708 2.845 0.137 
Sept. .1.005 3.558 0.55.1 18.40 Feb. 1.980 2.498 0.518 
Oct. 2 . .113 3.000 0.687 29. 70 Mar. 1.825 2.270 0.445 
Nov. 2.275 2.820 0. 545 23.96 Apr. 2. 545 2.6.18 0.09 .1 
Dec. 1.985 2.300 0. 315 15.87 May 2.730 3.00.1 0.27.1 Jan. 1.660 2.268 0.608 36.63 Avg. 2.492 2.747 0.255 
Feb. 1.758 1.705 -0.05.1 -2.97 OEA Dec. 3.200 :1.955 0.755 
Mar. 0.843 0.838 - 0.005 - 0.60 Jan. 3. 158 3. 540 0 . .182 
Apr. 0.743 0.900 0.157 21.1.1 Feb. 2.738 2.773 0.0.15 
May 0.515 0.695 0.180 .14.95 1\far. 2.468 2.758 0.290 
Avg. 1.677 2.009 0.332 19.80 Apr. 2.710 3.088 0.378 
Sept. 2.035 2.838 0.80.1 39.46 May 3.260 3.505 0.245 
Oct. 2.240 2.463 0.223 9.96 Avg. 2.922 3.270 0.348 
Nov. 1.780 2.130 0.350 19.66 
Dec. 1.458 2.338 0.880 60 . .16 
Jan. 1.605 2.003 0.398 24.80 
Feb. 1.488 1.770 0.282 18.95 
Mar. 1.305 1.645 0. 340 26. 05 Apr. 1.705 1.988 0.283 16.60 
May 1.998 2.403 0.405 2 0.27 
Avg. 1.735 2.175 0.440 25.36 
Pulse rate and body weight.-Thyroxine, the active constituent of 
the thyroid gland, affects tremendously the metabolic rate when 
administered in sufficient quantity. Pulse rate can be used only as a 
very rough estimate of the rate of metabolism. The average pulse 
rate during the control period was 73.35 beats per minute as com-
pared to 80.79 beats per minute when the cows were under the in-
fluence of thyroxine, or an increase of 7.44 beats per minute when 
at the peak. The average monthly variations are given in Table 25. 
5.55 
25.09 
20.08 
29.28 
27.50 
14.19 
2J.J8 
3.1.66 
0.97 
20.85 
6.01 
12.80 
28.69 
16.06 
11.90 
3.1.22 
l.l 1 
.1.99 
1.1 . .1.1 
1.99 
5.06 
26. 16 
24.38 
3.65 
10.00 
10.2 .1 
2.1.59 
12.10 
1.28 
l 1.75 
1.1.95 
7.52 
11.91 
Cow 
BMD 
PMD 
PMK 
RMDP 
OLE 
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The weight of the cows remained fairly normal during the duration 
of the test. The average loss of weight was -13.77 pounds, or -1.54 
per cent, which is of no sig·nificance. 
TABLE 25.-AVERAGE DAILY PULSE RATE OF Cows BEFORE AND AFTER 
THYROXINE INJECTION 
Daily Pulse Rate Daily Pulse Rate 
After A f ter Before 
Jnjec· 
tion 
Jnjec· Differ- % 
tion ence Increase Cow Period 
Before 
lnjec· 
tion 
Injec- Differ- % 
tion ence Increase Period 
---------·-------
Sept. 82.0 
Oct. 76.7 
Nov. 74.7 
Dec. 72.3 
Jan. 71.7 
Feb. 72.3 
Mar. 72 .3 
Apr. 72.1 
May 72.6 
Avg. 74.08 
Sept. 83.7 
Oct. 74.6 
Nov. 74.7 
Dec. 71.7 
Jan. 71.9 
Feb. 72.4 
Mar. 72.4 
Avg. 74.49 
Sept. 83.7 
Oct. 76.6 
Nov. 74.1 
Dec. 71.3 
Jan. 71.7 
Feb. 72.1 
Mar. 71.7 
Apr. 72.3 
May 72.0 
Avg. 73.94 
Sept. 82.3 
Oct. 75.6 
Nov. 75.1 
Dec. 71.9 
Jan. 71.4 
Feb. 71.4 
Mar. 71.6 
Apr. 72.1 
May 71.9 
Avg. 73.7 
Sept. 75.7 
Oct. 76.0 
Nov. 75.3 
Dec. 71.7 
Jan. 71.7 
Feh. 71.9 
Mar. 72.4 
Apr. 72.3 
May 72.3 
3.8 
8.6 
6.1 
0.7 
5.3 
6.0 
L7 
5.2 
5.0 
4.68 
2.8 
10.4 
2.1 
3.6 
6.4 
5.4 
4.1 
4.97 
-1.9 
6.4 
2.9 
5.5 
5.6 
2.2 
4.6 
5.5 
4.3 
3.9 
5.7 
7.7 
4.2 
1.6 
5.6 
6.9 
7.7 
4.2 
6.6 
5.58 
4.63 RLP 
I 1.21 
8.17 
0.97 
7.39 
8.30 
2.35 
7.21 
6.89 POD 
6.32 
3.35 
13.94 
2.81 
5.02 
8.90 
7.46 
5.66 
6.67 ROA 
- 2.27 
8.36 
3.91 
7.71 
7.81 
3.05 
6.42 
7.61 
5.97 0 [) 
5.27 
6.93 
10.1 9 
5.59 
2.23 
7.84 
9.66 OEA 
10.75 
5.83 
9.18 
7.57 
Sept. 
Oct. 
Nov. 
l>ec. 
Jan. 
Feb. 
Mar. 
Avg. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
Avg. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
Avg. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
Avg. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
Avg. 
78.7 
76.9 
7 3.1 
7!.6 
71.7 
72.6 
72.0 
73.80 
73.8 
75.6 
72.4 
71.4 
71.4 
71.7 
72.0 
72.6 
72.61 
73.8 
73.-6 
72.1 
71.4 
71.6 
71.6 
7.1.3 
72.3 
72.46 
69.0 
71.7 
71.6 
72.7 
71.7 
72.4 
7l.S2 
70.3 
72.1 
71.9 
71.7 
72.3 
72.1 
71.4 
89.0 
85.8 
79.0 
75.5 
77.5 
76.5 
76.3 
79.94 
89.0 
80.0 
76.3 
77.3 
77.0 
75.0 
76.5 
76.8 
78.49 
90.5 
78.5 
74.3 
77.5 
77.3 
75 .0 
76.5 
78. 3 
78.49 
73.3 
77.8 
77.3 
74 .. 1 
77.0 
80.5 
7-6.7 
74.8 
77.8 
75.8 
75 .8 
78.0 
77.3 
76.58 
10.3 
8.9 
5.9 
3.9 
5.8 
3.9 
4.3 
6.14 
15.2 
4.4 
3.9 
5.9 
5.6 
3.3 
4.5 
4.2 
5.88 
16.7 
4.9 
2.2 
6.1 
5.7 
3.4 
3.2 
6.0 
6.03 
4.3 
6.1 
5.7 
1.6 
5.3 
8.1 
5.18 
4.5 
5.7 
3.9 
4.1 
5.7 
5.2 
4.84 
13.09 
11.57 
8.07 
5.45 
8.09 
5.37 
5.97 
8.32 
20.60 
5.82 
5.39 
8.26 
7.84 
4.60 
6.25 
5.79 
8.10 
22.63 
6.66 
3.05 
8.54 
7.96 
4.75 
4. 37 
8.30 
8.32 
6.23 
8.51 
7.96 
2.20 
7.39 
11.19 
7.24 
6.40 
7.91 
5.42 
5.72 
7.88 
7.21 
6.76 
____ A_v_:g:._. _ __:_73.26 
85.8 
85.3 
80.8 
73.0 
77.0 
78.3 
74.0 
77.3 
77.3 
78.76 
86.5 
85.0 
76.8 
75.3 
78. 3 
77.8 
76.5 
79.46 
81.8 
83.0 
77.0 
76.8 
77.3 
74.3 
76.3 
77.8 
76.3 
77.84 
88.0 
83.3 
79.3 
73 .5 
77.0 
78.3 
79.3 
76.3 
78.5 
79.28 
89.0 
87.0 
79.3 
75.3 
78.3 
76.8 
77.5 
77.3 
79.0 
79.94 
13.3 
11.0 
4.0 
3.6 
6.6 
4.9 
5.1 
5.0 
6.7 
6.68 
17.57 
14.47 
5.31 
;i.02 
9.21 
6.82 
7.04 
6.92 
9.27 
9.16 
Seasonal effects.-There appears to be no seasonal variation in the 
response of milk production following· thyroxine injection (Table 
26). 'rhe increase in fat production after thyroxine administration 
did not show any seasonal tendency (Table 27). 
Response dtwing various stages of lactation.-Cows injected with 
thyroxine showed a variation in response during the progressing of 
lactation. The greatest response was in the fourth period after 
calving (3.44 pounds). '!'hen a gradual decline in response was ob-
tained until the tenth month (Table 27). Fat production followed 
the same general trend. 
O'J 
00 
TABLE 26.-AVERAGE SEASONAL RESPONSE OF COWS INJECTED WITH THYROXINE 
.Month of year September October November December January February March April .May 
Number of cows 6 8 8 10 10 10 10 8 8 ~ 
Days injected 6 6 6 6 6 6 6 6 6 U2 U2 
Avg. mg. thyroxine daily 9.67 10.00 9.38 8.9) ~.~0 9.15 8.85 8.50 8.69 
0 
d 
;;;J 
Pounds of Milk 
H 
Before injection . .. . . . .... . . .. . .. . . 26.14 19.76 18.74 15.23 16.34 13.24 9.89 13.14 15.57 p,. 
After injection ••......... •. . . . .. .. 28.55 24 .1 5 21.18 21.35 I S.OO 14 .55 12.08 16. 5.1 18.00 0 
Difference 2.41 4.39 2.44 6.12 1.66 1.31 2.19 3.39 2.43 ;;;J 
% increase : : : : : : : : : : : : : : : : : : : : : : : : 9.22 22.22 13.02 40.18 10.16 9.89 22.14 25.78 15.61 H
 
0 
Pounds of Fat d 
Before injection ...... . .... .. . . ... . 1.074 0.830 0.831 0.727 O.i73 0.634 0.480 0.625 0.736 t< 
After injection ... .... ........ .... 1.328 1.105 1.068 1.023 0.923 0.685 0.543 0.800 0.870 ~ 
Difference .. ..... .............. .. . 0.254 0.275 0.237 0.296 0.150 0.051 0.06.l 0.175 0.1 34 
d 
% increase 23.65 33.13 28.51 40 .71 19.40 8.04 13.13 28.00 18.21 
;;;J 
.... ... .... ... ....... .. i> 
Per Cent Fat t< 
Before injection ........ .. .. . . . .. . 4.160 4.219 4.444 4.764 4.740 4.796 4.834 4.747 4.733 tr.J 
After injection ......... ....... ... 4.650 4.573 5.050 4.793 5.133 4.703 4.575 4.853 4. 820 ~ 
Difference ...... .... .. .. .. ... ..... 0.490 0.354 0.606 0.029 0.393 -0.093 -0.259 0.106 0.087 "0 
% increase .................... ... 11.78 8.39 13.64 0.61 8.29 - 1.9{ -5.36 2.23 1.84 M 
Pounds Solids·not·fat 
;;;J 
H 
Before injection .. . . .............. 2.1 50 1.647 1.580 1.261 1.409 1.1"3 0.844 1.149 1.410 "' After injection .... . .... ... . . . ... . . 2.368 2.010 1.760 1.770 1.570 1.275 1.028 1.435 1.560 
A 
M 
Difference .... ........ .. ..... .. ... 0.218 0. 363 0.180 0.506 0.161 0.132 0.184 0.286 0.150 z 
% increase . ............ ... ... . . . . 10.14 22.04 11.~9 40.03 11.43 11.55 21.80 24.89 10.64 ~ 
Per Cent Sclids-not·fat U2 
Before injection .......... . .. ..... 8. 194 8.339 8.437 8 .. 111 8.609 8.656 8.560 8.763 9.064 ~ 
After injection . .. .... . . .... . . . .... 8.305 8 .250 8.3 10 8.393 8.715 8.773 8.693 8.690 8.670 i> 
Difference ....... . .. . . ... .. ...... 0.111 -0.089 -0.1 27 -0.01 8 0.106 0 117 0.133 -0.073 -0.394 ~ 
% increase ... ............. ....... 1.35 -1.07 - 1.51 -0.22 1.23 1.35 1.55 -0.83 -4. 35 0 
Pulse Rate z 
Before injection ...... .. . .... .. . . 77.86 75.84 74.54 71.86 71.69 71.93 72.03 72.16 72.27 
After injection .. ....... . ..... .... 86.67 84.60 79.10 74.78 77.55 76 .90 75 .98 77.07 77.97 
Difference .... . ........ . . . . ....... 8.81 8.76 4.56 2.9? 5.86 4.97 3.95 4.91 5.70 
'!4 increase .... ... . .. .. ......... . 11.32 11.55 6.12 4.06 8. 17 6.91 5.48 6.80 7.89 
TABLE 27.-AVERAGE RESPONSE DURING THE PERIODS OF LACTATION OF Cows lN.JECTED WITH THYROXINE 
----------Period of lactation (28 days each) 2 3 4 5 6 7 8 9 10 11 12 13 14 
Number of cows 4 6 8 8 10 10 8 8 5 4 3 2 2 
Days injected 6 6 6 6 6 6 6 6 6 6 6 6 6 
Mg. Thyroxine 9.13 9.17 9.13 9.00 8.90 9.00 9.13 9.13 8.90 9.38 9.67 8.95 9.00 
Pcunds of Milk t:O ,J3efore injection .. . 25.30 26.38 21.53 18.63 18.08 16.90 13.87 12.51 9.46 11.26 6.06 8.49 9.22 i:'l After injection 27.94 27.69 24.97 21.56 20.69 19.24 16.32 14.12 10.56 1.1.51 8.06 10.34 11.39 rn .. .. i:'l Difference 2.64 1.31 3.44 2.93 2.61 2.34 2.45 1.61 1.10 2 .25 2.00 1.85 2.17 ;..-% increase · : :: :: .": : 10.43 4.97 15.98 15.73 14.44 13.85 17.66 12.87 11.63 19.98 33.00 21.79 23.54 ;>:1 Pounds of Fat 0 Before injection . . . 1.137 1.134 0.940 0.855 0.858 0.781 0.646 0.619 0.439 0.492 0.264 0.410 0.421 ::r! After injection .. .. 1.413 1.407 1.171 1.063 0.980 0.896 0.786 0.692 0.465 0.56S 0.347 0.506 0.495 to Difference ...... ... 0.276 0.273 0.231 0.208 0.122 0.115 0.140 0.073 0.026 0.076 0.083 0.096 0.074 q % increase .. .. . ... 24.27 24.07 24. 57 24.33 14.22 14.72 21.67 1-1.79 5.92 15.45 31.44 23.41 17.58 t< Per Cent Fat t< Before injection 4.514 4.368 4.408 4.638 4.727 4.667 4.6.19 4.830 4.914 4.442 4.076 4.550 4.180 i:'l ... 8 After injection ... . 5.055 5.235 4.744 4.980 4.800 4.630 4.806 4.783 4.632 4.2 25 4.164 4.890 4.001 H Difference . . , . ... .. 0.541 0.367 0.3.16 0.342 0.073 -0.037 0.167 -0.047 - 0. 282 - 0.217 0.088 0.340 -0.179 z % increase .. . ..... 11.98 19.85 7.62 7.37 1.54 -0.79 3.60 -0.97 -S.i4 -4.89 2.1 6 7.47 -4.28 00 Pounds of Total Sclids f--1 Before injection 3 .. 100 3.348 2.702 2.420 2.337 2.250 1.814 1.709 1.25.1 1.443 0.77 3 1.148 1.236 ~ A fter l"njection . : .": .< .765 3.7 58 3.269 2.911 2.740 2.525 2.166 1.939 1.37 3 1.690 1.019 1.374 1.484 Difference ....... . . 0.465 0.410 0.567 0.491 0.403 0.275 0.352 0.230 0.120 0.247 0.246 0.226 0.248 % increase ........ 14 .09 12.25 20.98 20.29 17.24 12 .22 19.40 13.46 9.58 17.12 31.82 19.69 20.06 Pulse Rate 
Before inj ection ... 71.7 76.7 75 .0 73.6 73.6 72.8 72.9 72.1 71.9 72.1 72.2 72.2 72.5 After injection .... 81.9 80.4 81.1 78.5 79 .5 78.5 77.5 76 .4 77.7 77 .0 76.7 77.3 78.2 Difference .. .. ... .. 10.2 3.70 6.1 4.9 5.9 5.7 4.6 4.3 5.8 4.9 4.5 5.1 5.7 % increase ...... .. 14.23 4.80 8.13 6.66 8.02 7.83 6.31 5.96 8.07 6.80 6.23 7.06 7.86 
Non;: The first period of injection corresponds to the second period of lactation. 
c;, 
c..c 
70 MISSOURI AGRICULTURAL EXPERIMENT STATION 
Discussion of Experimental Data 
Thyroxine is thought to increase cell metabolism, thus calling 
for greater supply of blood. There follows also an increase in heart 
rate. It has been suggested that the average pulse rate is a good 
· measure of thyroid activity. Fuller (1928) noted that high pro-
ducing dairy cattle had an appreciably higher heart rate. It is well 
known that with more rapid heart rate more blood will be available 
to all parts of the body and it would be expected that more blood 
would flow through the udder. However, with increased general 
metabolism the tissues would compete with the udder for the pre-
cursors of milk in the blood. 
Thyroidectomy decreases metabolic activity and reduces the milk 
production. 
Jack and Bechdel (1935) suggested the theory that the favorable 
influence of thyroxine on milk secretion vvas an indirect effect hy way 
of the pituitary. The hyperthyroid condition was thought to 
stimulate an increased secretion of the lactogenic hormone. 
'l'he decrease in milk yield brought about by injection of thyroxine 
into a cow shortly after abortion had occurred is thought to be due 
to an overdose of thyroxine and probably a decrease in the secretion 
of the anterior pituitary hormones, as it is known that thyroxine 
injections decrease the amount of thyrotropic hormone in the 
anterior pituitary. 
In the case of the cow that was nearing the advanced stages of 
lactation, the failure to respond to thyroxine injections with an 
increase in milk production was probably brought about by a smaller 
number of working units of alveolar cells in the udder, lack of proper 
stimulation of other pituitary secretions, reduced blood flow to the 
udder since more of the blood is diverted to the fetus . The udder 
requires smaller amounts of blood at this stage of lactation and com-
petition of the body for food nutrients are believed to bring about 
this condition. 
The solids-not-fat content of the milk decreased slightly but the 
decline was of little significance. The total solids in the milk in-
creased 17.14 per cent above preinjection levels. There was an in-
crease of 7.44 beats per minute in pulse rate when at its peak. 
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SUMMARY AND CONCLUSIONS 
Another study was made of the effect of subcutaneous injections of 
thyroxine on milk and fat production using four Ayrshire and six 
Jersey cows. They had been in milk from six weeks to four and one-
half months at the beginning of the experiment. Nine and one-tenth 
mg. of thyroxine in an alkaline solution was injected for six con-
secutive days during nine periods of 28 days each. 
The milk production was observed to have increased 18.54 per 
cent. There appeared to be no certain trend of response in milk 
production either to period of lactation or to season of year as a 
result of thyroxine injections under the conditions of these experi-
ments. The cows responded in milk production when turned to 
spring pasture and a subsequent response in milk production similar 
to other periods was noted as a result of thyroxine injections. 
There was an increase of 24.26 per cent in pounds of fat produced 
and 4.3 per cent increase in the percentage of fat above preinjection 
levels during the four days following injections. There was a slight 
decline in the percentage of fat in the milk on the days the cows were 
injected with thyroxine, however, the per cent of fat continued to 
rise through the ninth day after injection, then declined to normal. 
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